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GROWTH OF SMALL NUMBERS OF TUBERCLE BACILLI, H37, IN 
LONG'S LIQUID SYNTHETIC MEDIUM AND SOME 
INTERFERING FACTORS 

W. F. DREA 

Colorado Foundation for Research in Tuberculosis, Colorado College, Colorado Springs 
Receivod for publication, AuRust 4, 1941 

Very small amounts of substances inhibiting the growth of amounts less than 
about 10~“ mgm. of well-dispersed and suspended tubercle bacilli can be readily 
and unknowingly introduced into Long's synthetic medium. 

This fact is of great importance when investigating probable growth factors 
for these bacilli. It is of equal importance in in vitro studies of the probable in- 
hibiting or lethal effects of substances deliberately added to the culture medium. 

If injurious contaminating agents are kept out of Long's liquid synthetic 
medium, growth of the strain, H37, of human tubercle bacilli will result from 
amounts at least as small as to 10~® mgm. 

If contamination occurs, growth may be limited to somewhere between 
and 10~’ mgm. depending upon the amount and kind of contamination. 

I 

Drea (1940) reported that amounts of the H37 strain ''at least as small as 
10~® mgm." could be cultured in a slightly modified form of Long’s medium. 
It seemed unnecessary to discuss the self-evident irregularities recorded in a 
table in that paper for growth from the 10“® to and including 10~^^ mgm. plant- 
ings, since the series was a brief preliminary one, and no conclusions were 
drawn regarding growth with less than mgm. However the failure to dis- 
cuss this point seems to have made the table appear misleading. The present 
article will clarify the matter. 

C'ontinuation of the research following the observations already reported 
resulted finally in noting that growth of the bacilli was limited to amounts 
greater than 10~®, 10“®, 10“^ or 10“^ mgm. with the same technique, in general, 
as previously used. 

The most probabk* explanation w^as that contaminating substances inhibiting 
growth were now present that were previously absent. 

The glassware at the beginning of the research was new and after each growth 
experiment was cleaned and prepared in the usual way of this laboratory for the 
next plantings of bacilli. It seemed probable, therefore, that injurious invisible 
films on the glass surfaces had been gradually built up in the tubes used to grind 
and suspend the bacilli, in the flasks containing the culture medium and in the 
pipettes. 

Elimination of these possible sources of contamination has resulted in demon- 
strating that growth of the bacilli will result in Long's synthetic medium after 
estimated 10~^ and 10~® mgm. amounts have been planted by taking 0.1 ml. 

149 
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of 10“® and 10“’ mgm. per ml. dilutions respectively. (See Technique, Sec- 
tion IV.) 


II 

Sources of contamination 

Four probable sources of contamination were as follows: (1) persistent ad- 
sorption by the glass of soap and other organic films incidental to the cleaning 
of the glassware in spite of repeated final rinsings with hot tap water; (2) ad- 
sorption of the paraffin used to lightly seal the cotton stoppers after planting 
the bacilli; (3) adsorption of distillates from the bleached non-absorbent cotton 
used as stoppers for the tubes, flasks and pipettes; and (4) adsorption of meta- 
bolic products produced by the tubercle bacilli. 

Emphasis is laid upon this fact: that the glassware after the final rinsing with 
hot water and when dry appeared to be thoroughly clean. There were no 
visible adsorbed films present. 


Ill 

Technique for preparing flasks containing synthetic medium free from contaminating 

adsorbed fdms 

The glassware must be thoroughly cleaned. When thought advisable, a 
saturated solution of KNOs in concentrated H2S(34 was used as a cleaning agent. 
Bichromate-acid solution was not used because of the possible introduction of 
chromic compounds (reaction products) into the glassware. 

Bleached non-absorbent cotton stoppers when sterilized with the flasks in the 
hot air oven and autoclave were demonstrated to give off growth-inhibiting dis- 
tillates. Because non-bleached non-absorbent and bleached absorbent cotton 
also give off distillates when heated, the use of cotton has been discontinued 
in this work. 

Long\s synthetic medium (Long and Seibert, 1920) was used with 2.33 grams 
of anhydrous Na 2 C 03 per 1000 ml. instead of the amount called for in the 
original formula. The pH was about 7.1 after autoclaving. Twenty ml. of the 
medium were placed in each 50 ml. Erlenmeyer flask to be planted. 

As substitutes for cotton stoppers, either plain transparent Cellophane, No. 
300, well washed with distilled water, was fastened with cleaned rubber bands 
over the tops of the flasks, or aluminum foil of thickness, 0.00065 inch, previ- 
ously held over a Bunsen flame, was folded over the tops of the flasks, or flame- 
cleaned, loosely fitting aluminum cylinders w^ere placed over the tops. As 
compared with loosely fitting Pyrex glass caps the cellophane and aluminum 
proved to bo equally inert. The same method of capping was used for the 
parent cultures from which the transplants w^ere secured and for the stock 
solution from which the culture flasks were filled. The flasks with the culture 
media wore then autoclaved at 120° C. for 20 minutes. 

Pyrex glassware, except for the pipettes, was used. 
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IV 

Techniqvs for preparing bacterial suspensions and planting the bacilli 

All procedures were planned to avoid contamination by other microorganisms. 
The air currents in the room were kept to a minimum for several hours before 
planting the bacilli. 

Some of the three-weeks-old surface growth from a vigorously growing culture 
of the H37 strain on Long's medium was removed and dried on fat-free well- 
washed absorbent paper. About 6 mgm. were weighed to within 0.1 mgm. 
in the grinding tube. The grinding tube was a rimless Pyrcx tube of 15 x 125 
mm. outside dimensions, into the bottom of which was ground, with the aid of 
medium coarse carborundum powder, one end of a 28 x 1 cm. Pyrex glass rod, 
thus providing good mortar-pestle, closely fitting, rather rough grinding surfaces. 
The technique for grinding, suspending and preparing diluted suspensions was in 
general that of Corper and Cohn (1936) using a 0.5 per cent solution of sodium 
taurocholate (Eastman, practical) in water for grinding the bacilli. The sus- 
pending fluid was 0.8 per cent NaCl in water, Long's medium or Long's medium 
with the magnesium sulphate, ferric ammonium citrate and glycerol omitted. 
Each of these solutions was satisfactory. 

The grinding was done by hand. The first suspension was of 1.0 mgm. /ml. 
It was thoroughly mixed and allowed to stand for five minutes, when 0.5 ml. was 
transferred from the middle of the suspension to 4.5 ml. of the fluid in the next 
decimal dilution tube. Decimal dilutions down to the desired limit were made. 

A fresh 1.0 ml. pipette was used for each dilution and before taking up the 
suspended bacteria its interior was washed once with suspension fluid from a 
separate flask. Transferrence of possible surface bacterial films was avoided by 
wiping the end of the charged pipette with oil-and-fat-free linen. The suspension 
was then slowly discharged into the next dilution tube not allowing the pipette 
to touch the tube or its contents. Agitation of the new suspension was done by 
a fresh pipette before withdrawing the desired amount to be transferred to the 
next tube. 

Pasteur pipettes, prepared and calibrated as described by Fildes (1931), were 
used for planting the bacilli. Three drops (0.1 ml.) of the bacillary suspension 
were slowly dropped from above the surface into the medium. The ])ipettes 
were first washed with suspension fluid to which no bacilli had been added and 
a fresh one was used for each decimal dilution. The estimated amounts of 
planted bacilli ranged from 10~^ mgm. in decimal steps to the smallest amount 
to be planted. The bacilli were shielded from direct light rays when suspended 
and planted. 

After planting, aluminum foil of thickness, 0.00065 inches, was flamed over a 
Bunsen burner and folded over the top and neck of the flask. The aluminum 
foil cap was not sealed to the glass with paraffin or any other substance. Cleaned 
filter paper, sealed with paraffin, was used to cap the planted flasks in the early 
experiments. 

The planted flasks were then placed in the incubator at 37.5°C. 
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V 

Results 

During the past fifteen months twenty-eight separate plantings were made 
using sodium taurocholate as the dispersing agent for the bacilli. The plant- 
ings were mostly controls for other investigations under way. Four of these 
plantings were made in 2 parallel rows of flasks, two in 3 parallel rows of flasks 
and one in 5 parallel rows. The other twenty-one plantings were in single rows. 

Plantings were made from decimal dilutions calculated to give 10~S 
etc. mgm. bacilli. 

Of the four 2-parallel-row plantings, one resulted in growth to mgm. 
bacilli in each row, two resulted in growth down to 10“^ mgm. in one row and 
10~® mgm. in the other, and the fourth planting resulted in growth in one row 
to 10“"® and in the other to 10“® mgm. 


TABLE 1 



* There was no growth in one flask. No other break in continuity noted, 
-f- = growth. — = no growth. 


Of the two 3-parallel-row plantings, one resulted in growth in all 3 rows to 
10~^ mgm. and the other had growth down to 10“^, 10~^ and 10~® mgm. 

From the one 5-parallcl-row planting, there was growth to 10~® in 3 rows 
and 10~^ mgm. in 2 rows. 

There were no discontinuities of growth in the above parallel rows ac(;ounted 
for, growth taking place in all flasks planted with amounts greater than the 
minimum amounts of bacilli from which growth developed. 

In one of the 21 single row plantings there was no growth from the 10“* mgm. 
planting when there was growth from all the others to and including the 10“® 
mgm. planting in that row. 

Altogether, there were 40 plantings (table 1). These are non-sclected, con- 
secutive examples. 

Figure 1, based on these figures for minimum amounts from which growth 
resulted, approximates a normal frequency distribution curve. 

From the forty plantings, 97.5 per cent resulted in growth from amounts at 
least as small as 10~® mgm. of the H37 strain, confirming the similar statement 
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rnudo in my 1940 report. Nim^ty-five per (*ent dc^vt'lojx'd p;rowth from umounts 
at least as small as 10“^ mp;m. and it app(‘ars sale t.o state that j^rowth may lx; 
expectcxl with r(*gularity from som(‘ amount 1x4 ween 10 ^ and 10 ” m^rn. The 
surjn-isinf:; growth (x*euring in two plantings with 10 mgm. and in one planting 
with 10“^'^ mgm. was also reported in the previous ])ap(;r. 

Th(‘ av(u-ag(‘ tim(‘s of first d(‘finit(‘ aj)p(‘aran(*es of growth were as follows: 
10“^ mgm. in 0 days; 10“- in 9 days; 10 in 10 days; 10 in M days; 10"^ in 17 
days; 10“’’ in 20 days; 10 ^ in 27 days and 10 '' in 28 days. < )n(‘ of th(‘ 10 
mgm. growths dev(‘lop(;d in less than 58 days and th(‘ other sometime })etw(‘en 



Fn. I 

t)2 and 70 days. 'The 10 mgm. growth diw (‘loped at soim* tmu* l(*^s than 54 
(lavs. 

An ineuhation tim(‘ of 75 days should lx‘ Milii(‘i(‘nt to (‘sta))hsh final i’(‘sult.'> 
as to ])i*(‘s(‘nc(‘ or al)S(Mi(*(‘ of gi’owth. 

Th(‘ giowth always Ix'gan at tlu* bottom of tlx* im'dium bat(‘r, giowih (‘x- 
tend(*d to tlu* surface of tlx* nxalium from plantings of 10 •’ mgm. or more of 
bacilli. 

From smalh'i* plantings, tlx'n^ was usually failuie of Mirfac(‘ growth to d(‘V(4op 
after the dc'pth growth had Ixxai definit(*ly establislx'd. Transplanting a small 
amount of th(‘ d(‘pth growth wlxai tix'r(‘ was failun* of surfa(*(‘ growth, to fresh 
syntlx'tic nx'dia result (xl in renewed growth aixl lat(‘r d(w (‘lopment of surface 
gi-ow’th. 
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Tlie mass of bacilli at th(‘ bottom of the medium wlu^n there was no surface 
growth did not ex(^eed about 21 .0 mgm. Generally it was l(»ss than this amount, 
wh('n th(' growth had exte^nded to the surface'. Whc'U growth was established on 
the surface tluire appeiared to be no further growth in the depth. Th(' suiface 
growth when most i)rofus(' was about 960 mgm. The bacilli at. th(' l)ottom weu'e 
acid-fast to the Ziehl-Neelse'n stain. 



10 mgm. 10 mgm. 10 ^ mgm. 


Fk; 2. This is a single photograph of flasks to h(‘lp make more clear, grow th from small 
numbers of tubercle bacilli in Long’s liquid synthetic medium. 

H87 was the strain used Th(‘ incubation period was 64 days 

Flu* flasks contain growth from 10 10 ®andl0"^ mgm. bacilli. ( Jrow th w as also present 

as a r(‘sult of plantings W'ith 10' 10 10'*, 10 and 10 ^ mgm. bacilli (not photograph(*d) 

The 10 ® mgm. flask shows a profuse surface growth and jiart of the bottom growth 
d'he 10~® mgm. flask shows a thin surface growth not ejuite; coviu’ing th(‘ surface of the 
li(|uid and depth grow th 

The I0~^ mgm flask has no surface growth but do<‘S have a considi‘rabh‘ amount of depth 
growth 


Growth from the heavier plantings is of floc(ailat.(‘d form at the bottom of the 
media. With the smalh'r plantings there exist at first colonies or clumps which 
go on to produce a more dilTused growth. Because of this, and more (‘specially 
because of the fluidity of the medium, it now appears more accurate to record 
the positive findings as ‘^growth’^ and not as ‘^colonies.” 

Sinc(‘ sodium taurocholate labehni ‘‘ practical, had l)een used as a dispersing 
agent in making the bacillary suspensions it was d(;cided to use an especially 
purified sample of the dioctyl (*ster of sodium sulfosuccini(; acid with the trade 
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name Aerosol OT (100 per cent),^ (Caryl and Ericks, 1939) for the same purpose. 
Thus a dissimilar, more simple compound, was contrasted with the more com- 
plicated and less pure taurocholate. Five separate tests were made. In three 
tests the limit of growth was 10“^ mgm. bacilli and in two tests the limit was 
10“*® mgm. All flasks with amounts greater than 10“^ mgm. and 10”® mgm. 
respectively developed growth. The taurocholate and the dioctyl ester were 
equally effective as dispersing agents. 

The effect upon growth of the bacilli when these two dispersing substances 
were added to the synthetic medium in decimal dilutions from 10”^ to 10”^ 
per cent was observed. In each flask was planted 10“® mgm. (about one mil- 
lion) bacilli. Two separate tests were made on each. The taurocholate in the 
first test and the dioctyl ester in the other were used as dispersing agents for 
the bacilli. With each substance in both tests, there was no growth with con- 
centrations of 10”^ and lO”^ per cent. These two dispersing agents, when added 
to the synthetic medium, had the same effect on the growth of 10”® mgm. 
bacilli. 

Since, however, growth of the relatively large amount of 10“® mgm. bacilli 
was inhibited by some amount between 100 and 10 p.p.m. of both substances, 
it seemed possible that these dispersing agents exert an inhibiting effect upon 
small numbers of bacilli when they are used only as dispersing agents and that 
growth could be demonstrated from less than 10“^ to 10”® mgm. (estimated) if 
dispersing agents with a lesser inhibiting growth power were used. 

Long’s synthetic medium of pH 8.0 as a dispersing agent for the bacilli was 
tried three times. Growth resulted down to 10~® mgm. in one experiment, down 
to 10”’' in a second, and 10”^, 10”® and 10”® in a third. 

Gelatin as the dispersing agent in one test resulted in growth down to 10”® 
mgm. bacilli. 

An m/15 solution of Na 2 HP 04 as the dispersing agent resulted in growth down 
to 10“’^ mgm. bacilli in two tests. 

A diverse group of agents for dispersing the bacilli thus resulted in similar 
numbers of the bacilli producing growth and ruled out any specific property of 
the taurocholate in growth promotion. 

The suspensions of 1.0 mgm./ml. for the experiments recorded above were 
allowed to stand for five minutes to permit clumps of bacilli to settle before 
transfers of bacilli were made for the next decimal dilution. 

This then should actually result in smaller amounts of bacilli being trans- 
ferred than those indicated by the recorded figures. 

The suspending of the bacilli results only in an approximate approach to the 
ideal suspension of isolated bacilli and many clumps of two or more bacilli 
must be present. 

The effect of not permitting the clumps to settle was now studied. The same 
technique as before, with sodium taurocholate as the dispersing agent was used, 
except that when the first 1.0 mgm./ml. suspension had been made and agitated, 

* The especially purified sample of Aerosol OT, 100 per cent, was provided through the 
courtesy of Dr. G. B. Ayers of the American Cyanamid Company. 
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the required amount of this suspension was immediately transferred and decimal 
dilutions down to lO"* prepared. 

Plantings were now made in six parallel rows of flasks. 

Four of the rows produced growth down to 10~® mgm. and two down to 10"*^ 
mgm. at the end of 75 days incubation. Apparently it did not make any differ- 
ence whether or not the first suspension was allowed to settle for five minutes 
before the first dilution was made. 

It appears then to be established that growth of the strain, H37, of human 
tubercle bacilli will result with regularity from an amount somewhere between 
10“’^ and 10~® mgm. when planted in Long’s synthetic medium. 

Corper and Cohn (1933) estimated that 1 mgm. in moist culture contained 
about 10* (one billion) bacilli. 

• VI 

To check the effect of unheated blood serum upon the inhibiting effect of 
cotton the following experiment was done. 

Four rows of flasks were used. The first row contained synthetic medium 
only and the flasks were not in contact with cotton at any time. The second 
contained synthetic medium only and the flasks had non-absorbent cotton 
stoppers in the oven, autoclave and incubator. The third had 5 per cent serum 
added to the autoclaved synthetic medium and the flasks were not in contact 
with cotton at any time. The fourth had 5 per cent serum added to the auto- 
claved synthetic medium and the flasks had cotton stoppers in the oven, auto- 
clave and incubator. Each row of flasks was planted with decimal dilutions of 
the tubercle bacilli with amounts from 10“‘ to 10“* mgm. After planting, the 
cotton stoppers were lightly impregnated with paraffin and the flasks without 
cotton were capped with aluminum foil and were not sealed with paraffin. 
The result was that the cotton-stoppered flasks with no serum had growth 
develop only from 10“‘ and 10~* mgm. bacilli and no growth from the 10“’, 
10“’, 10“® and 10“* mgm. plantings. The other three rows of flasks all developed 
growth from 10“*, 10“®, 10“’, 10“^, 10"’ and 10“* mgm. bacilli. 

Since growth occurred also in the synthetic medium without the serum where 
there had been no exposure to cotton down to the smallest amount planted, it 
seems reasonable to assume a neutralization of the inhibitory effects due to the 
cotton as possible in addition to the growth promotion by the serum as pos- 
tulated by Boissevain (1940). 


VII 

The technique now in effect mak^ use of either aluminum cylinders or foil 
for capping the flasks when autoclaving the culture media and aluminum foil 
for capping during incubation. Evaporation of water during the prolonged 
incubation period is not excessive. Any evaporation can be counter-balanced 
by preliminary addition of 5 per cent water to the medium. Cotton is not 
used at any time. 
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DISCUSSION 

Long's S 3 mthetic medium, because of its simplicity, lends itself well to such 
studies with tubercle bacilli, especially since it is now established that amounts 
of the human strain, H37, as small as 10“^ to 10"“® mgm. will grow in it. 

The H37 strain used in these investigations is well conditioned to laboratory 
growth and is used by many investigators in the field of tuberculosis research. 

An index of its virulence was secured during this past year by making subcu- 
taneous injections. In groups of four guinea pigs, 10“^ 10”^ and 10"“® mgm. of 
the bacilli resulted in death from advanced tuberculosis with average life dura- 
tions of 140, 166 and 177 days respectively. 

It has generally been believed that less than about 1.0 or 0.1 mgm. tubercle 
bacilli would not grow in Long's medium if accessory factors were not added, that 
growth must necessarily take place on the surface and that if a transplant of 
bacilli sank beneath the surface, growth failed to occur. However, Kahn (1929) 
stated incidental to his study of the developmental cycle of the tubercle bacillus, 
^Tn this way a number of young vigorous forms develop in the shallow depths of 
the medium and there is less chance of isolating non-viable forms." He had in- 
cubated for 4 days, suspensions of H37 prepared by shaking a small amount of 
growth membrane with glass beads in 4 ml. of Long's medium. He also found it 
possible to grow a single tubercle bacillus or small groups of from 2 to 6 micro- 
organisms in individual microdroplets of the same medium. It is now estab- 
lished that with fine suspensions, growth always begins at the bottom of Long's 
liquid medium. 

The importance of ‘‘depth" growth in liquid media was stressed by Kirchner 
(1931) who added serum or plasma to a liquid synthetic medium in order to se- 
cure it. 

Growth of the tubercle bacilli in the depth of the liquid medium is more com- 
parable to that in animal tissues than is surface growth on the culture media. 
Constant immersion insures a more constant environment than does surface 
growth where bacilli are superimposed on their fellows and are exposed directly 
to the atmosphere above. This applies, of course, only before growth has ex- 
tended to the surface of the fluid synthetic medium. 

Other strains of tubercle bacilli, especially more recently isolated ones, may 
not grow from such small numbers in Long's medium as does the H37 strain. It 
is with such strains that accessory growth factors may be sought if such are 
needed by the bacilli. For example, strains that will grow on egg media or in 
serum from amounts as small as 10“®, 10“"^ or 10“"® mgm. and grow in Long's 
medium only when much larger amounts are planted undoubtedly require the 
addition of some other substance or substances to the medium. 

New strains to be established from infected tissues or sputa require complex 
media such as egg or serum. Investigations as to the necessary additional factor 
or factors that must be added to Long's medium to establish growth there also, 
may be very profitable. 

Mueller (1937) demonstrated the importance of small amounts of pimelic acid 



158 


GBOWTH OF TUBERCLE BACILLI 


and nicotinic acid and Mueller and Cohen (1937) of B-alanine as growth-promot- 
ing factors for the diphtheria bacillus. Wadsworth and Wheeler (1934) reported 
that they obtained growth from thirteen out of twenty recently isolated virulent 
strains of the diphtheria bacillus in a synthetic medium which did not contain 
jS-alanine and nicotinic acid. 

This same condition may prevail for tubercle bacilli, some strains requiring 
added accessory growth factors and other strains not. 

In order, however, to secure growth from small numbers of tubercle bacilli in 
Long^s medium it is necessary to insure the absence of adsorbed, organic growth 
inhibiting films from the glassware. Especially inhibiting were the distillates 
from the bleached non-absorbent cotton stoppers in the flasks. H. Braun (1939) 
described technique for insuring clean glassware and stated that the cleaned dry 
flasks are stoppered “mit fettfreier Watte.’' Fat-free cotton is probably satis- 
factory as a stopper, but instead of cotton, aluminum cappings for the flasks were 
used in this work when the harmful effects of cotton were to be avoided. It was 
demonstrated, however, that blood serum added to the synthetic medium per- 
mitted growth of the bacilli when the flasks were stoppered with the cotton. In 
estimating possible growth promotion, it is necessary to consider the probable 
neutralization by the added substance of inhibiting substances accidentally pres- 
ent in the culture media. Added blood serum can combine with a poison such 
as copper to neutralize the growth-inhibiting effect of the latter when the inocu- 
lum consists of small numbers of various pathogens (O’Meara and Macsween, 
1936, 1937). It was also stated by Gordon and McLeod (1926) that serum 
protects bacteria against concentrations of amino-acids which would otherwise 
inhibit their growth. Similarly, the growth promotion of small numbers of tu- 
bercle bacilli by serum added to Long’s medium in the flasks with the cotton 
stoppers may be at least partly due to neutralization of inhibitory substances. 

There is one other kind of investigation that should be of value using this tech- 
nique of cultivating tubercle bacilli. The bacteriostatic or lethal effects of known 
substances added to the liquid synthetic medium can be studied. For example, 
sodium oleate inhibited the growth of tubercle bacilli when present in the amount 
of 1 p.p.m. according to a personal communication by Dr. C. H. Boissevain. 
This also gives an idea of the extreme importance of small amounts of inhibitory 
substances that may readily be acquired by the glassware incidental to incom- 
plete cleaning as well as to the distillates from the cotton stoppers. 

A speculation is now perhaps permissible. What effect, if any, has relatively 
unclean glassware upon the virulence of tubercle bacilli, when small numbers of 
them are injected in animals? 

Because practically all bacterial diseases result from infection with relatively 
small numbers of organisms, it would appear that in vitro studies of relatively 
small numbers of bacilli are of importance, especially when the amount of growth 
factors carried over from the parent culture, either within the cells or from the 
parent culture medium is much diminished. 

Amounts of tubercle bacilli, strain H37, as small as 10”"^ and 10~® mgm. grow 
in Long’s medium and it appears reasonable to expect growth in exceptional 
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cases from amounts as small as and 10“^^ mgm. dilutions as recorded both 
in this pap(u- and the prc'vious on(‘ by J3rea (1940). This is because of the inher- 
(*nt en-ors due to samplinjz; when small numbers (jf oi-ganisms are involved. Se^e 
Herg; (1941). 

C’orper and (V)hn (1933) consistently obtained growth on good non-synthetic 
media from diluted suspensions of receaitly isolated virulent avian tubt*rcle 
l)acilli, after i)lantings (*ontaining caleailated amounts of 10 mgm. Since this 
was before they introduc(‘d sodium taurocholatc' as a dis])ersiiig agent, human 
cultures could not be so finely dispers(‘d, though they did state that occasionally 
a final dilution suspension was obtained containing 10 “^ mgm. j)(*r ml. The 
taurocholate* and other wetting agents make ])ossi})le fin(‘r dispersions of Wio 
human cultur(‘s than those produc(Ml wlien they ai(^ not used. It app(‘ars rea- 
sonable', therefore, to suppose' that 10 ^ mgm. ])e*r ml. suspe'nsie)ns of the human 
strains can now be' pr(‘i)ai‘e*d me)re e)ften. 

1.(4, it bi' assuiiK'el that there are' 10‘* bacilli in 1 mgm. of the culture* anel that 
we have' ae*tually prc'paie'd a suspension e)f 10 mgm. pe'i* ml. or what arneaints 
te) the .same thing, 100 ml. of suspen.siem fluid cemtaining 100 bacilli (1 bacillus 
pe'i* ml.), Tlu're is, of e*e)urse, a randemi scattering of the bacilli in the suspension 
fluiel re'sulting in a ne)n-unife)rm elistributiem e)f the' eu-ganisms. In such di.scon- 
tinue)Us elistributions Pe)issoirs se'rie's e)f probabilitie's is e)f the first irnpen-tane'e'. 
The' ])r()bability chane'e' e)f a 1 ml. .samj)le e)f this suspensie>n e'emtaining bacilli is 
as f()lle)ws: 0 bae'illi, 37 pe'i* e'e'iit; 1 bae*illus, 37 per cent ; 2 bacilli, 18 ])er ce'iit ; 3 
bae'illi, i\ pe'r ce'iit ; anel 1 bacilli, 2 per e'e'iit. Ilie'se figure's are based on table' I 
of Jh'rg (1911). 

Tf now to the above' l(b^ mgm. per ml. suspe'iisieai are adde'd 900 ml. e)f fluid, 
tlie* 1000 ml. e)f the' re'sulting 10~*‘' mgm. pe*r ml. suspe'iisiem will have on an average 
0.1 bacillus j)er ml. The' same* kinel e)f .statistie*al treatme'iit she)ws that there* is a 
probability chane'e of 90 per ce'iit that a I ml. sample of this susjK'nsion will con- 
tain no bae'illi; a 9 per e'e'iit chance that a similar sample will contain 1 bacillus; 
and a 0.5 per ceuit e'hane'e that it w'lW contain 2 bacilli. 

Thus, e*ve*n if it is further assume'd that e'ach bacillus is viable* and e'apable of 
prodiK'ing greiwth, it e*an be readily under.stoeHl the're* must be* irre'gularities ejf 
growth w he'll very small numbers of bacilli are plante'd. The're* will be failure eif 
greiwth after semie* plantings with 1 ml. sami)le*s freim the 10“^ mgm. ]K'r ml. sus- 
pe'iision and eice-asiemally there will be growth fremi similar amounts eif the 10“^® 
mgm. jK'i* ml- suspe'iisiem. 

Since* the last paper was ])ublishe'd, it ajipe'ars to be* more* ae'e'urate to re'e'orei 
the* growth of the* bae'illi as “growth” and not as numbe'rs of “ceilonie's” even for 
the* .smaller amemnts of bacilli plante'd. Hee'ause of the* fluidity of the me'dium 
the organisms may have* their po.sitions e'hange'd, either to unite in larger clumiis 
or to disperse into smaller one's. 

It was also found preferable not to use the slightly modifie'd form of Long’s 
medium previously e'lnploj^ed, which was however a .synthetie* me'dium. In the 
inve'stigation now reported, Long’s me'dium was used with only suffie'ie'iit NaoC’Oa 
to give the de'sire'd pH value. The reasons for the change from the modified me- 
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dium previously used are (1) the better buffer action of Long\s medium and (2) 
its much more geiK^ral use by other investigators. 

No investigations were made of substances that may l^e (contributed by the 
glass itself. 

From this work it appears that one w(cll- known strain of tubercle bacilli will 
gi’ow in Long\s synthetic medium from amounts at least as small as 10“" mgm. 
whereas previously it was thought that amounts greater than about 10 mgm. 
wen' nec(\ssary before growth resulted. Tlu' irregularities of growth reportcnl in 
the first paper for amounts of bacilli from 10~® to 10 mgm. but from whicdi no 
(‘onclusions were drawn, an' now accounted for by the prest'uce of prc'viously un- 
recognized growth-inhibiting substances adsorbed by tlu' glassware' as wc'll as by 
the errors nec(cssarily associated with random samples whei*e small numbei's of 
bacilli are plante^d. 


SUMMARY 

1. Growth of the 1137 strain of human tubercle bacilli in Long’s licjuid synthetic 
medium can develop wh(*n amounts at least as small as 1()~" to 10“*^ mgm. are 
planted. 

2. \^'ry small amounts of cemtaminating organic substance's, hitlu'rto unsus- 
IK'cted, are readily adsojbe'd by the glassware, and may a(*t as growth inhibitors. 
The smallest amounts of these' bae*illi that will grow whe'n s\ich inhibitors are' 
I)rescnt varies from 10 - to 10“® mgm. 

3. A soap, sodium oleate', will inhibit the growth of tube'rcle' bacilli whe'U ])re's- 
ent in something givater than 0.1 i).p.m. and le'ss than 1.0 p.i).m. Se)ai)s may be 
a part of the contaminating adsorbed films. 

4. Espe^cially inhibiting to growth are the distillate's from blc'ache'd, non- 
absorbent cotton stoppers in the glassware'. 

5. The elimination of inhibitory substances from a liejiiiel synthe'tic me'dium 
will prendde a valuable' means of inve'stigating: (1) ace'e'ssory growth factors and 
(2) bae*t('riostatic and bacterie*idal properties of elelibe'rate'ly aeleie'd age'iits in in 
vitro studies of tube'rcle bacilli. 

6. The' ('limination cjf inhibitory substance's from culture' me'dia is of impor- 
tance' in the cultural studie's of othe'i* microorganisms and it is probable' that oi- 
ganic films including the distillate's fremi cotton stoppers adsorbe'd on the' glass- 
ware' are' inhibit, eiry to the growth of small numbers of these* organisms e'spe'cially 
in syntlu'tie* me'dia which otherwise permit growth. This may also be of impor- 
tane*e in virulence studies where small numbe'rs e)f microorganisms are use'd. 

The writea- acknowledges his apprex'iatiem to Dr. (’harle's T. Ryder, associ- 
ate research director of the* (’ole)raelo Foundation for K.eseare*h in Tubeu-culosis, 
for helpful suggestie)ns during this research. 
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Despite the well-recognized need for simple means of identifying the common 
varieties of aerobic spore-bearing bacilli little attention has been given to the fer- 
mentative reactions of these organisms. Most descriptions mention tests with 
glucose, lactose, sucrose, and maltose only and the reactions have generally been 
regarded as of no differential value. Liquid culture media have apparently been 
used by all writers, (except de Soriano, 1935), and the results have usually been 
reported merely as “plus,” “minus,” or “variable.” (Bergey, 1939; Ford, 1927; 
Topley and Wilson, 1936; Lamanna, 1940.) 

Our first tests made in Durham fermentation tubes with 35 strains of aerobic 
spore-bearing bacilli, representing ten of the common varieties, revealed that the 
fermentation of mannitol but not lactose by a member of this group serves to 
identify the organism as Bacillus megatherium, provided it is also known to store 
fat. At the same time these tests showed the slowness and uncertainty with 
which slight or moderate acid production is detectable in liquid sugar media, 
where so many strains of these bacilli grow in a surface pellicle only, and it seemed 
likely that other reactions of differential value might appear with use of a more 
sensitive test procedure. We accordingly repeated the tests, using, in addition 
to broth, soft agar stabs and also agar slants with deep butts. The latter were 
recommended many years ago by Conn and Hucker (1920) for the detection of 
acid production by soil organisms. These authors noted that agar butt-slants 
serve as delicate indicators of acid formation and, moreover, may reveal a ten- 
dency on the part of certain cultures to develop a characteristic zone of acid 
reaction at a particular place in the medium. 

COMPARATIVE FERMENTATION TESTS IN BROTH, SOFT 
AGAR STABS, AND AGAR BUTT-SLANTS 

In order to test the value of agar butt-slants in direct comparison with broth 
and stab cultures a series of parallel tests was run in these three varieties of media. 

Technique 

The basis of the culture medium employed was a sugar-free infusion broth. 
Some of this was converted into semi-solid agar for the stab cultures by addition 
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of 0.5 per cent of agar and some into ordinary solid agar for the butt-slants by the 
addition of 1.5 per cent of agar. Twenty per cent stock solutions of the chemi- 
cally-pure sugars in distilled water, sterilized by autoclaving at 15 pounds^ pres- 
sure for 15 minutes, were added aseptically to the basic media, just before tubing, 
in the proportion of 1 per cent. At the same time brom-cresol-purple indicator 
(1.6 per cent alcoholic solution) was added in the amount of 1.0 ml. per liter. 
All of the media were adjusted to an initial pH of 7.0. 

Tests were made with one carbohydrate at a time by inoculating each of a 
group of 17 test organisms into the same basic medium in each of the three forms 
— broth, stab, and butt-slant. The cultures used for these direct comparative 
studies included 13 different strains, representing the following 10 common varie- 
ties of aerobic spore-bearers: Bacillus megatherium, B. mycoides, B, cereus, B. 
subtilis Michigan, B. circulans, B, brevis, B, subtilis Ford^, B. subtilis Marburg, 
B, vulgatus, B. mesentericus. In addition, Eberthella typhosa, Escherichia coli, 
Proteus vulgatus, and Alkaligenes fecalis were included as control organisms. 

All cultures were incubated at 37°C for 48 hours and were then placed at room 
temperature for one week^s further observation. The changes in the indicator 
in each individual tube were closely followed, not only by written descriptions, 
but by preparing at least once daily full-sized reproductions of each tube in which 
the exact shades of the indicator color were duplicated with crayon. In this 
manner tests were carried out in triplicate with glucose, lactose, sucrose, maltose, 
and mannitol media. In the case of organisms showing minimal reactions the 
cultures were repeated several more times. 

Results 

Out of a group of 65 sets of parallel cultures of the various spore-bearing bacilli 
positive fermentation reactions were recorded in one or more of the three test 
media in 46 instances. Among these there were 20 in which the fermentative 
changes in the agar butt-slants were definitely positive after incubation for 24 
hours or less while a positive reaction in the broth tubes was not observable before 
the second to the fifth day of incubation; and there were 13 instances in which the 
slant cultures were clearly positive while the corresponding broth cultures re- 
mained negative, or at most showed a doubtful acid change, throughout the 10- 
day period of observation. About one-quarter of the positive fermentations 
were missed entirely by the broth cultures. Except in the case of a few of the 
more vigorous fermenters the signs of acid production regularly appeared earlier 
and with more definiteness in the butt-slants than in the broth tubes. 

The stab cultures seemed generally less satisfactory than either the broth or 
slant tubes. The superiority of the butt-slants was shown by the fact that in 12 
instances fermentative changes were observable earlier and more plainly in these 
tubes than in the corresponding stabs, and in 7 additional sets of cultures the 
positive reactions on the slants were missed entirely in the soft agar tubes. 

*This designation is used for convenience. The relation of strains of this kind to the 
official type species of B. subtilis, i.e., the Marburg type, is discussed in a subsequent 
paper in this scries. 
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The greatest advantage of the agar butt-slants lies in their capacity to reveal 
slight and transient acid changes. Whereas in broth virtually the whole medium 
must be converted to an acid pH before there is a detectable indicator change, 
rapid or abundant growth in a small area of a slant will permit accumulation of 
sufficient acid at that spot to produce unmistakable evidence of fermentation. 
Thus, in many cases of weak fermentation the only change in the butt-slant was 
a more or less sharply-defined zone about the base of the slant, or in the butt, in 
which the indicator had changed in some degree toward the acid side. 

The butt-slants also have the further advantage of showing most clearly the 
successive phases of pH change in the course of growth. The acid production 
from breakdown of the sugar in the early stages of growth is usually succeeded by 
a predominance of alkali production from the utilization of the peptone. This 
often causes parts of the acidified medium to return to the original neutral reac- 
tion in a few hours’ time. In the agar butt-slants these changes are not so likely 
to be a source of error as in broth or semi-solid agar cultures, since the diffusion 
of the reaction products is less rapid and usually the reversion of a previously 
acidified area to neutrality begins so obviously at the periphery of the original 
acid zone that the changes can scarcely be misinterpreted. 

The cultures of intestinal bacilli used as controls revealed their powers of fer- 
mentation equally well in all three forms of the test media. However, even with 
these organisms the butt-slants had at least one advantage, for they showed most 
clearly the striking differences in the different species as regards the speed and 
extent of the return of the medium to its original neutral color after the early acid 
change. The reappearance of a neutral reaction is apparently controlled in part 
by the amount of acid originally formed in any one tube, and in part by the sensi- 
tivity of the organism concerned to the accumulated acid. The cultures of E. 
coll, for example, early produced abundant acid, but the bacteria continued to 
grow in its presence so that the resultant alkaline products converted the whole 
slant back to neutrality within two or three days. On the other hand, the E, 
typhosa cultures that produced a strongly acid change within 24 hours evidently 
could not develop further, with the result that the acid reaction remained un- 
changed throughout the remaining period of observation. Among the spore- 
forming bacilli the actively fermenting cultures of B, circulans similarly showed 
a permanent acid change. 

DIFFERENTIAL VALUE OF FERMENTATION REACTIONS IN AGAR BUTT-SLANTS 

The fermentation reactions of the aerobic spore-bearing bacilli as revealed in 
agar butt-slants containing familiar carbohydrates have proven to be of positive, 
though limited, value in the differentiation of common species, especially when 
the capacity or lack of capacity of the organisms to store fat is also known. This 
latter property may be tested by staining 24 to 48-hour-old cultures on glucose 
or glycerol infusion agar slants with Sudan black B-safranin, as described in our 
earlier paper (Burdon, Stokes and Kimbrough, 1942). We have determined the 
characteristic fermentative powers of ten of the more prevalent varieties of spore- 
bearers by repeated tests in butt-slants with the 35 named stock strains available 
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to US and also with more than 200 strains of sporulating bacilli freshly isolated 
from dust and other materials. The findings are summarized in table 1. 

It is evident that for purposes of differentiation the more useful carbohydrates 
are lactose, mannitol, and maltose. It will be seen that among the fat-positive 
varieties B, megatherium may be recognized by its fermentation of mannitol and 
its failure to ferment lactose. B, circulans is distinguishable by its relatively 
strong fermentation of all of the test sugars, and also by the fact that the entire 
butt-slant almost invariably becomes strongly acid within the first 48 hours and 
remains so throughout the period of observation, as mentioned above. B. brevis 
does not attack any of the carbohydrates (table 1 ) . The remaining species cannot 
be definitely separated by fermentation reactions, although a weak acid change 
in lactose media, but not in mannitol agar, is suggestive of B. mycoides. 

TABLE 1 


Fermentation reactions of aerobic spore-hearing bacilli in agar butt-slants 


FAT BTAIN* 

OKOANISIC 

GLUCOSE 

LACTOSE 

MANNITOL 

SUCROSE 

MALTOSE 


r 

B. megatherium 


0 

+ + 

++ 

4-+ 



B. mycoides 

+++ 

var. 

0 

var. 

4-4-4- 

Positive < 


B. cereus 

++-1- 

0 

0 

var. 

-fH — h 


B. subtilis Michigan 

4-+-1- 

0 

0 

var. 

4-4-+ 



B. circulans 

++++ 

+ + 

++++ 

-f + 

+++ + 



B, brevis 

0 

0 

0 

0 

0 


[ 

B. subtilis Ford 

++-f 

0 

+ 

+ + 

++ 

Negative | 

1 

1 

B. subtilis Marburg 

B, vulgatus 

+ 

+ 

0 

0 

0 

0 

4- 

-h 

0 

0 



B. mesentericus 

+ 

0 

-f 

+ 

0 


* Sudan black B-safranin. 

+ to + = fermentation with acid production, usually to the relative degree in- 

dicated. 

0 = no fermentation. 

Var. = variable reactions; majority show moderate amount of acid. 

Among the fat-negative varieties the strains of B. svbtilis which correspond to 
those we have designated by “Ford” are the only organisms that cause definite 
fermentation of maltose. Also, they frequently attack mannitol much more 
strongly than the others. These reactions are of great value since the Ford 
strains cannot be differentiated readily by other simple means from the Marburg 
strains. The relatively feeble fermentation of glucose as well as of other sugars 
by J5. subtilis Marburg, and by B, mesentericus has been observed so constantly 
that it is regarded as a distinctive characteristic. 

The individual strains of bacilli studied differed considerably in the vigor of 
fermentation. In cases of “variable” reactions (table 1) the positive fermenta- 
tions were relatively weak. Freshly isolated strains usually increased their fer- 
mentative activity somewhat after two or three successive transfers in the same 
sugar medium. It was regularly noted, among the stock cultures and those 
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newly isolated as well, that a strain producing a noticeably vigorous fermentation 
of any one of the sugars was always relatively nore active also in the breakdown 
of all the other sugars it was capable of attacking. 

In repeated parallel cultures individual strains of the spore-bearing bacilli 
showed a remarkable constancy in the degree and character of the changes pro- 
duced in the indicator color; often the acid zone appeared regularly in a particular 
location in the butt or on the slant. However, these zones were not always dupli- 
cated by other strains of the same species, hence they cannot be relied upon for 
differentiation. 

Since our work was completed we have noted that de Soriano (1935), in an 
extensive study of the whole group of aerobic spore-bearers, utilized, without 
special mention, a similar combination stab and slant culture with Andrade in- 
dicator, and described some species as forming acid in the stab and others on the 
streak. No mention is made, however, of variations in the behavior of different 
strains in this respect, and no comparisons are made between the results of tests 
in these slants and those obtained in the liquid media fermentation tubes which 
were also employed. The reactions reported generally agree with ours. We 
observed, however, a negative rather than a positive result with Bacillus mesen- 
tericus on maltose. In several instances we noted a positive fermentation where 
de Soriano reports a negative test, specifically, in the fermentation of mannitol 
by Bacillus subtilis Ford, of maltose by Bacillus megatherium^ and of lactose and 
mannitol by Bacillus circulans. 

One possible source of error in interpreting slight color changes during growth 
of the aerobic spore-bearers on brom-cresol-purple agar butt slants must be men- 
tioned. The accumulation of brownish-red pigment by some of these organisms 
may be accompanied by changes in the indicator color which are not due to fer- 
mentation. Most conspicuous examples of this are three- to four-day-old cul- 
tures of B. subtilis, Marburg type, or B, vulgatus on lactose butt-slants, but the 
phenomenon is seen to a lesser degree with other organisms and other sugars. 
The original purple color of the medium about the growth changes to a purplish- 
red, a color indistinguishable from that which may result from slight acid forma- 
tion. The reddish zone appears along the slant only, however, and extends just 
a few millimeters into the medium below the surface growth. It is not a sign of 
fermentation, for it is found associated always with a pigmented growth, propor- 
tional in its extent to the amount of visible pigment, and it is absent in non- 
pigmented cultures of the same species. 

For correct interpretation of such changes, as well as of minimal fermentation 
reactions, it is necessary, of course, to compare the test cultures directly with 
tubes of uninoculated medium of the same lot and to make frequent inspections 
of the fermentation tubes during incubation for several days. 

SUMMARY 

Agar slants with deep butts, inoculated into the butt as well as over the slant, 
were found superior to broth (Durham fermentation tubes) or soft agar stabs for 
fermentation tests with the common species of aerobic spore-forming bacilli. 
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The butt-slants, made with 1.5 per cent agar and containing brom-cresol-purple 
as indicator, proved more sensitive than the other types of media for the detec- 
tion of slight acid production and often gave positive evidence of fermentation 
when the broth or stab cultures remained negative. When closely observed over 
a considerable period of time, the butt-slants also revealed more clearly other 
properties which were characteristic of individual strains of these bacilli, such as 
the relative vigor of fermentation, the speed and extent of reversion to a neutral 
or alkaline reaction after the initial acid change, and the appearance of zones of 
acid reaction in particular locations in the medium. 

The fermentation reactions of the ten principal varieties of aerobic spore- 
bearers, as determined by cultures in brom-cresol-purple agar butt-slants con- 
taining familiar carbohydrates, were found to be of definite, though limited, 
differential value, especially when the capacity or lack of capacity of the organ- 
isms to store fat is also known. Among the fat-positive varieties. Bacillus mega- 
theriuMj B. drculans, and B, brevis are readily recognized by distinctive fermenta- 
tions in lactose, maltose, and mannitol. Among the fat-negative species, 
reactions in the same sugars are of special aid in distinguishing Bacillus subtilis 
Ford from the Marburg type of B. subtilis. 
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Although a number of workers have reported that certain bacteria and molds 
are capable of attacking hydrocarbons and mineral oils it is still not generally 
recognized how widespread is the occurrence of these organisms nor how great a 
variety of compounds of this nature may be attacked. Since Sohngen (1906) 
showed that some microorganisms possess the ability to utilize methane and 
Rahn (1906) described molds capable of attacking paraffin, there have appeared 
about thirty papers on the subject (cf. Hessel, 1924, and Tausson, 1929). Vari- 
ous gram-negative rods, particularly PseitdomonaSy mycobacteria and micrococci 
have been described as attacking petroleum but there has been little effort made 
to compare organisms having this ability with bacteria that obtain their growth 
energy from the ordinary sources. Recently Bushnell and Haas (1941) have 
studied hydrocarbon utilization by various organisms and have found that Pseu- 
domonas strains are most active while certain species of micrococci and coryne- 
bacteria are also able to assimilate these compounds. 

The conditions necessary for attack on oils by microorganisms have been sum- 
marized by Tausson (1928) as follows: (1) presence of water with mineral salts; 
(2) a nitrogen source, such as the ammonium or nitrate ion; (3) free access of 
oxygen ; (4) a neutral reaction and a buffer such as CaCOs to maintain it. 

However, there has been little attention given as to what hydrocarbons are 
most subject to attack and the mechanism of their breakdown, although Tausson 
and co-workers (1934) have shown that some acids and unsaturation are pro- 
duced in the bacterial dissimilation of crude and lubricating oils. 

The purpose of this work was to determine how wide a range of petroleum 
fractions could be readily attacked, to attempt to find which of several represen- 
tative petroleum fractions were most subject to attack, and to isolate and charac- 
terize a number of organisms able to develop on a hydrocarbon medium. 

DEVELOPMENT OP CULTURES ON OIL 

Erlenmeyer flasks were prepared containing 0.5 g. oil, 50 ml. H 2 O, 0.25 g. 
CaCOs, 0.25 per cent NH4NO3, 0.1 per cent Na 2 HP 04 , 0.05 per cent KH2PO4, 
€.05 per cent MgS 04 , 0.02 per cent MnCL, and traces of Ca, Fe and Zn. The 
flasks were inoculated with one gram of garden soil, incubated for a period of 
from 10 to 20 days and shaken twice daily. When considerable decomposition 
appeared as indicated by the emulsification of the oil and increased turbidity of 
the medium, 1 ml. of the mixture was transferred to another flask containing all 
the above ingredients except soil. After 2 to 3 transfers the breakdown of the 
oil proceeded faster and the period of incubation was shortened accordingly. 
Flasks were incubated at 20°, room temperature (23-26°), 30°, and 37°C. 
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After at least 6 successive transfers from the original flask containing soil in- 
oculum, bacterial counts were made on the medium by plating on standard nutri- 
ent agar. A mineral-salt oil agar was also used, but it was observed that nutrient 
agar gave slightly higher counts. Furthermore, in all cases tested the organisms 
which appeared on the mineral-salt oil medium grew when transplanted to the 
nutrient agar. As continued cultivation on nutrient agar caused a marked de- 
crease in the ability of the cultures to attack hydrocarbons, cultures were picked 
from the plates in proportion to the numbers present and kept on the mineral- 
salt oil medium. 

The materials used in this study included several crude oils, heavy oil residues 
such as petrolatum (paraffinic) and asphaltic tar (aromatic) and the various oils 
given in table 1. The filtered 185 Pennsylvania neutral was a conventionally- 
refined 10-W grade of motor oil. This oil is typical of light oils or neutrals made 

TABLE 1 


Physical properties of oil fractions studied 


OIL 

NO. 

DESCKIPTION 

CENTISTOKES 

VISCOSITY 

ESTIMATED 

COMPOSITION* 

CALC.t 

MOL. 

WT. 

EST. 

AVX. 

NO. 

SINGS 

PEE 

MOL£> 

CULE 

to 

At 

100 *F. 

% A 

%N 

%P 

1 

Filtered 185 Pa. Neutral 

5 93 

39.86 

9 

15 

76 

407 

1.7 

2 

Portion of (1) Distilled 

3.56 

17 76 

9 

16 

75 

328 

1.4 

3 

Portion of (1) Distilled 

5 91 

40 37 

8 

16 

76 

i 402 

1.7 

4 

Portion of (1) Distilled 

9.66 

86.03 

9 

14 

77 

504 

2.0 

5 

Portion of (1) Extracted 

8 39 

120 9 

29 

13 

58 

347 

2.4 

6 

Portion of (1) Extracted 

4.86 

28 19 

0 

24 

76 

377 

1.5 

7 

Portion of (1) Extracted 

7 00 

44 69 

0 

17 

83 

459 

1 3 

8 

Penna. Bright Stock 

32.91 

540 

9 

13 

78 

740 

2 9 

9 

Final Raffinate from (8) Extracted 

103.8 

2321 

0 

(14) 

(86) 

1194 

(3.1) 

10 

Portion of Bosco Neutral Extracted 

11.1 

350.8 

54 

19 

27 

270 

3.2 


* Values obtained using method of Vlugter, et al. (1935). % A =* % aromatics; % N 
= % naphthenes; % P = % paraffins. 

t Obtained using a modified Keith and Roess method (1937). 


in the Pennsylvania area, and is a relatively homogeneous mixture of hydrocar- 
bons. The distillation fractions of this oil, designated as oils 2, 3, and 4 in table 
1, were prepared by high vacuum fractional distillation and differ from each other 
essentially in molecular weight. Each oil is a narrow boiling fraction with a very 
small molecular weight range. 

Oils 5, 6, and 7 of table 1 were prepared by solvent-extraction of oil with ace- 
tone (Hersh 1938). Thus, these fractions represent hydrocarbons differing 
essentially in molecular structure, whereas those prepared by distillation repre- 
sent fractions differing essentially in molecular size or weight. 

Oil 8 is a typical heavy grade oil with a higher molecular weight and more 
heterogeneous composition than oil 1, Oil 9 resulted from exhaustive acetone 
extraction of oil 8 and may be considered to be a very high molecular weight, 
highly paraffinic hydrocarbon mixture. 
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Oil 10, an aromatic extract from a Louisiana light distillate oil, represents a 
relatively low molecular weight aromatic-type hydrocarbon oil. 

Mixed cultures were developed from soil capable of attacking each oil or oil 
fraction studied as well as the crudes, petrolatum and asphalt. After several 
transfers the medium weight and crude oils were found to be quite rapidly broken 
down and usually completely emulsified in 3 to 5 days at room temperature. The 
heavier oils were more slowly dissimilated, the emulsification process requiring as 
long as 3 weeks. Bacterial counts were made on the various fermentations after 
6 to 10 consecutive transfers. Petrolatum and asphalt supported the growth of 
large numbers of organisms concentrated at the oil- water interface of the sepa- 
rate globules, but owing to the difficulties of dispersion, no counts were made on 
these materials. 


TABLE 2 

Fermentation of oils at room temperature 

Bacterial plate counts in millions per ml. of one per cent oil dispersed in a mineral salt 

medi um 


TDCE OF FERlfENTATION IN DAYS 


TYPE OF OIL 



0 

1 

2 

4 

6 

8 

10 

14 

Penna ('rude 

13 

65 

300 

380 

220 

121 



Mich. Crude 

8 3 

44 

420 ; 

680 

780 

290 



Oil No. 1 

0 6 

35 

640 

510 

380 

390 

1 

25 

Oil No. 2 

1 3 

65 

620 

!)70 

720 

740 


90 

Oil No. 3 

0 6 

88 

350 

400 

540 

670 


104 

Oil No. 4 

1 0 

47 

180 

165 

210 

370 


99 

Oil No. 5 

0 G 

121 

440 

310 

300 

280 


71 

Oil No. 6 ! 

0 1 

270 

390 

690 

140 

610 


270 

Oil No. 7 

0 3 

14 

510 

1470 

1150 

880 


39 

Oil No. 8 

1 2 


90 ! 

240 

91 1 


240 

180 

Oil No. !t 

0 4 


6 

12 

1 21 ^ 


51 

36 

Oil No. 10 

1.1 


55 

87 

250 1 


108 

157 


Typical counts of the mixed flora found in the breakdown of crude oil and 
certain fractions are shown in table 2. In the majority of cases the peak in bac- 
terial flora occurred between the third and sixth day of fermentation. At this 
time there was usually one type of colony predominating in each type of oil. All 
the organisms examined from the various oils at the different temperatures ap- 
peared to be short, motile, gram-negative rods. In the crude oils Pseudomonas 
seemed to be the outstanding type. White opaque colonies appeared most fre- 
quently in the light oils. White and mucoid colonies were predominant in many 
of the heavy oils. In most cases pigmented forms other than Pseudomonas did 
not appear until after a peak in total count was reached. There was very little 
indication of the specificity of a certain organism for a particular type of oil. 
However, if a mixed culture from a rapidly fermenting oil of highly aromatic 
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nature was transferred to a paraflBnic type (or vice versa) the growth lagged for 
several days. The culture was usually able to adapt itself to its environment 
and become active in the new oil within one transfer. 

It was apparent that the lighter weight oils were more easily attacked than the 
heavier fractions. This is evident from the counts given in table 2, if counts of 
oils 2 and 4 are compared, or of oils 2 and 8, or oils 8 and 9. In the fermentation 
of mixtures containing as much as 5 to 10 per cent of Pennsylvania 185 neutral 
oil measurements of the unfermented oil showed an increase in viscosity, indicat- 
ing a preference of the organisms for the lighter fractions. Also, it could be 
readily observed that the light oils disappeared from the surface of the medium 
much more quickly than the heavy ones. The crudes supported growth in a de- 
gree comparable to the light oils and were subject to rapid emulsification although 
globules of the heavy fractions could still be discerned on the surface after two 
weeks’ fermentation. 

The bacterial counts also indicate that the paraffinic oils were attacked more 
rapidly than the aromatic types as can be seen by comparing aromatic oil 5 with 
paraffinic oil 7. Oil 6, which contains a relatively high per cent of naphthene 
compounds occupied an intermediate position with respect to growth supported. 
The slower attack of aromatic oils can also be shown by comparing oil 10 (strongly 
aromatic) with oil 7 or the light neutrals 1, 2, and 3. Although oil 30 is more 
viscous than the light oils it has a smaller average molecular weight. 

MANOMETRIC STUDIES 

Several representative oils were chosen for determination of the oxygen re- 
quired for their dissimilation by mixed cultures. The studies were carried out 
with a Warburg manometric apparatus immersed in a constant temperature bath 
and shaken continuously by motor. The technique and apparatus used was 
similar to that described by Dixon (1934). The cultures were inoculated and 
cultivated in standard manometric flasks and respiration measured over a period 
of several days at 30°C. In each flask was placed 3.8 ml. of mineral salt solution, 
50 mg. of the desired oil and 0.2 ml. of the corresponding mixed culture inoculum. 
The mineral salt solution was of the same composition as that described pre- 
viously except that (NH 4 ) 2 S 04 was substituted for NH4NO3. Readings were 
taken twice daily for intervals of two hours, these figures were plotted and from 
the area subtended by the curve the total respiration during the entire time was 
calculated. 

When the fermentations were carried out for longer than 7 days, a large 
fluctuation in results was noted. Allowing for small errors in technique and the 
relatively large variation to be expected from mixed culture studies, the results 
obtained during the first 5 days of incubation were fairly consistent. In prac- 
tically every case the peak of respiratory activity came in this interval. How- 
ever, it was noted that the actual amounts of oxygen consumed and carbon 
dioxide liberated varied according to the rate of shaking, the temperature of 
incubation and the age of the inoculum. Some typical results are shown in 
table 3. About 10 ml. of oxygen were taken up in the fermentation of oils 1 
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and 7 containing predominantly paraffin hydrocarbons. In oil 5 (aromatic) 
the uptake was slower. The breakdown of oil 8, which has an average molecular 
weight of nearly two times the light oils and is more viscous, consumed only 
about half as much oxygen during the longer time interval. Oil 9 which is still 
heavier and composed of larger molecules had still less oxygen uptake. 

As a check on the respiration to be expected from the cells alone, a control 
is shown based on 0.2 ml. of inoculum from oil fermentation suspended in buffer 
with no oil added. The amount of respiration is negligible in comparison with 
the growing culture. 


TABLE 3 


Oxygen uptake and carbon dioxide evolved in oil dissimilation 


OIL 

TRIAL 

TII4E OF j 

INCUBATION 
DAYS 

OXYGEN 

UPTAKE 

CO* EVOLVED 

CO* 

(corrected) 

RATIO COa/O* 




ml. 

ml. 

ml. 


f 

1 

6 

11.80 

7.81 

7.42 

0.63 

1 

2 

5 

11.06 

7 70 

7 31 

0 66 

i 

3 

5 

9 77 

6.62 

6 29 

0 64 

f 

1 

5 

6.82 

4.52 

4.29 

0 63 

5 

2 

5 

7.32 

5.14 

4.88 

0.67 

i 

3 

5 

7.21 

4.77 

4.53 

0 63 

[ 

1 

5 

10.89 

7.81 

7 42 

0.68 

7 

2 

5 

11.23 

8.14 

7 74 

0 69 

i 

3 

5 

9 77 

6.94 

6.59 

0.67 

[ 

1 

8 

6.17 

2.92 

2.77 

0 45 

8 

2 

8 

7.50 

3.63 

3.45 

0 46 

1 

3 

8 

4.23 

2.09 

1.99 

0 47 

{ 

1 

13 

1 2.17 

0.42 

0.40 

0 18 

2 

13 

3.08 

0.24 

1 

0 23 

0.07 

Control (1) 1 

1 

2 

5 

5 

0.24 

0 17 

0.16 

0.11 

0.15 

0 11 



The carbon dioxide values are subject to an error as a small amount of gas 
would originate from the CaCOa buffer, not only by the action of organic acids 
that may have been formed during fermentation but also from free sulfuric acid 
produced by the utilization of nitrogen from the (NH 4 ) 2 S 04 . The latter can 
be roughly estimated at between 0.08 and 0.1 ml. CO 2 for 4 ml. of medium on 
an active culture producing nearly a gram of moist cells per liter, assuming that 
the cells contained 2.5 per cent nitrogen on a wet basis. As large scale fermenta- 
tions carried out under similar conditions indicate that usually about 80 percent 
of the original oil can be recovered, only about 0.20 to 0.30 ml. of CO 2 could be 
liberated by mono-carboxylic acids formed from 0.050 g. of the oil having a ml. 
wt. in the range of 400. The total correction amounts to an approximate reduc- 
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tion of only 5 per cent for the CO 2 evolution of the light oils. The heavy oils 
have been corrected accordingly. 

The CO 2 /O 2 ratios using the corrected values are subject to the errors present 
in the CO 2 determination but show fairly consistent values for the different oils. 
It is noteworthy that in the case of the light oils, the ratios are high for incom- 
plete oxidation of the hydrocarbons. The theoretical respiratory quotient for 
complete oxidation of a long-chain paraffin hydrocarbon with the formula 
CHs(CH 2 )nCH 8 is approximately 0.67. 

(CH2)n + 1.5n02 nC02 + nH20 
CO 2 /O 2 = n/1.5 X n = 0.67 

The respiratory quotients of the light oils are in the neighborhood of 0.65. 

If the hydrocarbon molecules were oxidized without decarboxylation and 
considerable loss of CO 2 the gas ratios should be much lower. The results indi- 
cate that a large percentage of the molecules attacked were completely oxidized 
to CO 2 . 

The fermentation of the heavier oils containing longer molecules not only did 
not produce as much CO 2 but furthermore gave a much lower CO 2 to O 2 ratio. 
In the case of oil 9 the CO 2 evolution was practically neglible, indicating a much 
less complete oxidation of the heavy oils. 

PURE CULTURE STUDIES 

Organisms isolated from the mixed cultures by plating on either standard 
nutrient or mineral-salt oil agar were kept in a mineral salt broth to which had 
been added a few drops of sterile oil corresponding to that from which they were 
isolated. The reactions of these organisms were determined on litmus milk, 
gelatin and glucose, sucrose, lactose, arabinose, salicin, mannitol and nitrate 
broths. Tests made for indole, acetylmethylcarbinol, and the methyl-red 
reaction were negative in all cases. An oil mineral-salt broth containing brom- 
thymol-blue to indicate acid production and without CaCOa was also used to 
determine whether or not the cultures were specific for any particular type of 
oil or oil fraction. The mineral-salt broth was sterilized in tubes and a drop 
of the sterile oil to be tested was added aseptically at the time of inoculation. 

A study of 250 representative cultures gave no evidence that a particular 
morphological type or biochemical reaction could be correlated with any type 
of oil or oil fraction. Furthermore, with the exception of certain pigmented 
forms, there was no correlation between colony morphology and reactions in the 
ordinary laboratory media. There was considerable difference in the response 
of cultures to laboratory media when they were first picked from an actively 
growing hydrocarbon-splitting culture, compared to the same cultures that had 
been carried on nutrient agar for a number of transfers. Generally it was noted 
that organisms capable of rapid growth in an oil medium grew luxuriantly on 
nutrient agar. Many were quite mucoid and formed large glistening gelatinous 
colonies. Observations of cultures picked from a single colony on agar gave 
evidence that the organisms changed in their biochemical reactions as well as 
in their morphology when placed in a hydrocarbon environment. 
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Although the organisms found represent a variety of types, there are few 
outstanding lines of division for classification into groups. When pure cultures 
were grown in the various oil media, it was found that generally no organism 
was limited to the attack on one type of oil. Usually it would attack many 
different oils with about equal facility. Oils 9 and 10 were particularly re- 
sistent to breakdown, however, due to their high viscosities. 

A tentative grouping of the organisms found, permits separation into three 
main groups based principally on colony morphology on nutrient agar and action 
on glucose broth, litmus milk, gelatin and oils. A summary of these data is 
given in table 4. The predominant organisms, group I, were members of Pseudo- 
monos and were mostly of one characteristic type that liquefied gelatin, reduced 
and peptonized litmus milk, formed acid in glucose broth, and produced a neutral 

TABLE 4 


Organisms isolated from oil fermentation 


GROUP 1 

MORPHOLOGY ON AGAR 

NO. ISOLATED 

GLUCOSE 

LITMUS 

MILK 

S 

M 

U 

H 

s 

S 

GELATIN 

LIQUEFACTION 

OIL MEDIA 

PROBABLE GENUS 

I 

Green, flat, spread- 
ing 

63 

A 

RP 

+ 

Stratiform 

F 

Pseudomonas 

(aeruginosa) 

lla 

White, convex, 
mucoid 

46 

A 

A or — 

d= 

— 

A 

Achromobacter 

Ilb 

White, convex, 
mucoid 

26 

A 

R 

=t 

Slow or “ 

F 

Achromobacter 

Ilia 

Wliitc, mucoid, 
sometimes 
brownish 

28 


RP 



A 

Alcali genes 
(radiobacter) 

Illb 

Misc. 

White, mucoid, 
sometimes 
brownish 

R(*ds, yellows, 
whites, etc. 

52 

35 


A1 

i 


j 

F 

1 

Alealigenes 

Mixed 


reaction in oils. The reactions of this group were quite consistent. Flagella 
stains and serological tests on certain typical cultures have shown them to 
possess one long polar flagellum and to be apparently identical with a stock cul- 
ture of Pseudomonas aeruginosa. This organism was likewise found to be the 
chief species active on hydrocarbons by Bushnell and Haas (1941). 

The other groups did not exhibit such clear cut characteristics, although all 
were motile, gram-negative rods. Most of them were white, mucoid types, 
many of them possessing a buff or brownish sheen. The organisms that usually 
gave an acid reaction in glucose and acid or reduction in litmus milk have been 
placed in group II. This group has been subdivided on the basis of the ability 
of many of the organisms to form acid in oils. However, there is evidence that 
this differential characteristic is no more constant among these bacteria than 
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action on gelatin or nitrate. Generally the members of group II that were 
active producers of acid in oil produced acid in litmus milk. The organisms of 
group II should probably be classed as Achromohacter although there is no species 
described in Bergey^s Manual (1939) that corresponds to all their reactions. 
In many ways the members of this group are similar to Achromohacter arvilla 
and A. sapoUum described by Gray and Thornton (1928) and listed as Pseudo-^ 
monas by Bergey’s Manual. There is little doubt that these authors were 
dealing with the same type of organisms encountered in the present study. 

The third group of organisms displayed no marked action on sugars, and 
usually produced an alkaline reaction in litmus milk. In many respects these 
bacteria resemble the common soil forms that have been variously described as 
Radiobacter or Alcaligenes radiobacter. Group III was likewise divided into 
parts **a” and ^^b’’ on the formation of acid in oils. However, as in group II 
the characteristics of these organisms were not clear cut and considerable varia- 
tion was noted among the reactions of the same culture carried on different media. 

A few miscellaneous organisms comprising some red, yellow, white, and fluores- 
cent types have not been grouped as there were not sufficient numbers of any 
one type to compare with the ones that have been discussed. The red and 
yellow colonies tended to disappear from the mixed cultures as transfers were 
continued. 


DISCUSSION 

It is evident from the studies presented here together with those of other 
investigators, that under favorable conditions microorganisms can be found 
that are capable of attacking practically any hydrocarbon from methane up to 
the heaviest paraffinic or asphaltic residues. However, the heavier oils become 
more difficult to attack as the viscosity and molecular weight increase. This 
is due in part to the fact that the more viscous oils are harder to disperse in a 
liquid medium and hence there is less surface exposed to the growth of micro- 
organisms. But the difficulty of attack is probably also attributable to the 
larger molecule, Strawinski and Stone (1940) have found that compounds in 
the range of 10 to 16 carbon atoms are attacked more readily than those of 
smaller molecular weight. Observations by the authors as well as Bushnell and 
Haas (1941) on the fermentation of gasoline and kerosene indicate that, although 
both substances are quickly attacked, the kerosene is more subject to break down 
than the gasoline with bacterial counts up to a billion per ml. or comparable to 
counts observed in light oils. From these results, it is evident that in oils of 
a predominantly paraffinic nature the fractions from kerosene up to medium 
weight lubricating oils include the range most easily attacked by bacteria. 

Both bacterial counts and manometric studies indicate that paraffinic oils 
are more easily broken down than corresponding oils of aromatic nature. How- 
ever, it must be emphasized that the predominantly aromatic fractions proved to 
be very acceptable carbon and energy sources. The most unexpected observa- 
tion in this connection was the apparent lack of specificity of one culture for any 
certain type of oil. Even when such studies are extended to pure hydrocarbons 
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it is possible to find that an organism which is adapted to grow on a purely 
paraffinic source such as cetane will begin to grow immediately when transferred 
to a strictly aromatic compound such as naphthalene. 

The organisms capable of attacking oils appear to be present wherever samples 
were taken. Only gram-negative rods were found, whether the enrichment cul- 
tures were incubated at 20°, 30°, or 37°C. These findings are not entirely in 
accord with Sohngen (1913) who observed mycobacteria at 37°C. nor with 
Bushnell and Haas (1941). One reason for the absence of acid-fast bacteria in 
the present work is that the cultures were transferred at intervals of 7 to 14 
days and probably there was not sufficient time for the development of these 
slower-growing organisms. 

It is evident, particularly among the non-pigmented forms, that there is no 
sharp line of demarcation between the different groups. The adaptability of 
these bacteria is further realized when it is considered that in most soil samples 
there is little chance of long chain hydrocarbons having been present for un- 
numbered bacterial generations. It is obvious that there is no specialized group 
of organisms here but that we are dealing with the common soil forms w’hich 
possess the ability to adapt themselves to an infinite variety of organic com- 
pounds. 


SUMMARY 

1. Cultures capable of attacking crude oil, lubricating oils, vaseline, asphalt, 
and all other petroleum fractions used were obtained from garden soil. 

2. It was found that the light to medium-weight fractions are more subject 
to attack than the heavy viscous portions and that the paraffinic fractions are 
more readily broken down than the aromatic types. 

3. The breakdown of oil is an oxidative change characterized by a high bac- 
terial count, emulsification and sometimes a decrease in pH. 

4. There was much less oxygen uptake in fermentations of heavy oils com- 
pared to similar lighter fractions. Likewise aromatic fractions utilized less 
oxygen than the paraffinic types. 

5. The CO 2 to O 2 ratio for the dissimilation of light oils is in the neighborhood 
of 0.65. In heavy oils the ratio drops to a much lower figure. 

6. The organisms were all motile gram-negative rods including Pseudomonas^ 
and many white-mucoid types. They were obtained from all soil samples 
tested and appear to be of common occurrence. 

7. The cultures did not exhibit a specific ability to attack one type of oil 
but rather a capacity to adapt themselves, according to conditions, to attack the 
particular oil that was present. 
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Studies on the metabolism of Clostridium tetani have been confined to the 
general changes during growth in various media. Woods and Clifton, 1937, and 
Barker, 1937, reported that Clostridium tetanomorphum, an anaerobe apparently 
closely related to C. tetani, obtains its energy by the fermentation of certain 
amino acids, while Clostridium sporogenes (Stickland, 1934-35) and C. botulinum 
(Clifton, 1940) utilize amino acids primarily by means of the “Stickland reac- 
tion”, a coupled oxidation-reduction between pairs of different amino acids. 
These studies on the utilization of amino acids and of possible intermediate 
products by the pathogenic anaerobes (and closely related forms) have been 
extended to include the metabolic activities of C. tetani. 

The methods employed were essentially those previously described (Clifton, 
1940). The strain of C. tetani (E-35), obtained from Dr. Ivan Hall’s collection 
(No, 130A), is an active toxin producer. 

RESULTS 

The organisms were cultivated in broth containing 1 per cent glucose and 0.1 
per cent yeast extract (Difeo), growth appearing to be more rapid in the presence 
of glucose although no evidence was obtained indicating that glucose was uti- 
lized. After 7 days at 37°C. the main products were alcohol, volatile and non- 
volatile acids, ammonia, carbon dioxide and small amounts of hydrogen. Du- 
claux distillations of the bichromate oxidation products of the alcohol suggested 
a mixture of eth^yl and biffyl alcohols. The actual formation of butyl alcohol 
and the ratio of the alcohols were not determined. Acetic and butyric acids 
were found in a ratio of approximately 2 to 1. The non-volatile, ether-soluble 
acid appeared to be approximately 3 parts of lactic to 1 part of an acid tenta- 
tively identified as malic. 

Carbon dioxide and hydrogen production by washed suspensions of 20-hour 
cultures of C. tetani in the presence of the more common amino acids, glucose, 
glycerol, and certain non-amino acids was determined at 37°C. by the Warburg 
technic. The contents of the Warburg vessels were also analyzed for ammonia 
when amino acids were employed as the substrate. The amino acids attacked 
were fermented directly, pairs of amino acids not being required as with C. sporo- 
genes or C. botulinum. The amounts of hydrogen produced were in most 
instances not markedly greater than those produced by the control suspensions. 
Hydrogen production varied to some extent with different suspensions and sub- 
strates but never exceeded 2-5 per cent of the total gas produced. The rate of 

1 Aided in part by a grant from the Rockefeller Fluid Research Fund of Stanford Uni- 
versity School of Medicine. 


179 



180 


C. E. CLIFTON 


hydrogen production was most rapid immediately after the substrate was added 
and decreased to the level of the control suspension more rapidly than the rate 
of carbon dioxide production. Hydrogen production was decreased when 
hydrogen was substituted for nitrogen as the gas phase. Some evidence, as yet 
inconclusive, was obtained of a slight absorption of hydrogen with certain sub- 
strates. The studies on hydrogen production by C. tetani are incomplete but 
it is apparent that this organism is a much less active hydrogen producer than 
C, tetxinomorphum (Woods and Clifton, 1937). The results of tests for carbon 
dioxide and ammonia production were essentially the same with either nitrogen 
or hydrogen as the gas phase and are summarized in table 1. 

The substances attacked by C. tetani are similar to those reported as utilized 
by C. tetanomorphum (Woods and Clifton, 1937) except that glycerol, glucose 
and malic acid are not attacked. The rate of carbon dioxide production from 

TABLE 1 


Carbon dioxide and ammonia production from various substrates {M/100) by washed suspen- 
sions of C. tetani in M/16 phosphate buffer of pH 7.0 



AlyflMO ACIDS 

ACIDS 


COa 

Qco. 

NHa 


COs 

Qco. 

Glycine 




Formic 



d-alanine 

— 

— 

— 

Acetic 

— 

— 

Glycine -f \ 




Butyric 

— 

— 

d-alanine / 




Lactic 

— 

— 

dl-serine 

4- 

30-40 

-f 

Pyruvic 

4- 

40-50 

1-proline 

± 



Maleic 



d-glutamic 

-f 

40-50 

+ 

Malic 

- 

- 

1 -aspartic 


5-10 

+ 

Glycollic .... 

— 

— 

Glycerol 

— 

— 

— 

Fumaric . . 


30-40 

Glucose 

— 

— 

— 

Succinic .... 

— 

— 


proline was not much greater than that observed with the control suspension 
and may be due to the presence of traces of a utilizable impurity. 

The influence of pH on the rate of carbon dioxide production from the sub- 
strates utilized by C. tetani was determined over a pH range of 5.6 to 7.5. The 
rate of carbon dioxide production from a given substrate was quite constant over 
a pH range of 6.0 to 7.2, no marked pH optimum being observed with any of 
the substrates. Above 7.2 and below pH 6.0 the rates tended to decrease. A 
pH of 6.4 was employed in the majority of studies in order to reduce as far as 
possible the bound CO 2 . In the few tests made at pH 7.2, the rates and products 
of metabolism were essentially the same as at pH 6.4. 

The various substrates were studied in more detail in semi-macro Warburg 
studies and on a macro scale in experiments of 20-hour duration. Essentially 
similar results were obtained, and since the analyses are more accurate in the 
larger scale experiments the results of the latter are presented. Respiration 
of the control suspensions was negligible in these studies and therefore controls 



TABLE 2 

Fermentation balances with various substrates following BO hours* incubation with washed 

suspensions of C. tetani 


PRODUCTS 


NHa 

Acetic 

Butyric 

Lactic 

Malic 

Alcohol* 

Total 

Theore- 

tical 


Per millimol of pyruvic acid 


Mols/mol 

0.9 


0.18 

0.36 

0.10 

i 

: 



Mgm 

39.6 


10.8 

31.7 

9.0 



91.1 

88.0 

Mgm. C 

10.8 


4.3 

17 3 

3.6 



36.0 

36.0 

Mgm. H. 



0.7 

2.9 

0.6 



4.2 

4.0 

Mgm. 0 

28.8 


5.8 

11.5 

4.8 



50 9 

48.0 


Available - 

-H (Barker, 1936). Found 9.8. 

Theoretical 

10. 0 

Per 2. '5 millimols of fumaric acid 

Mols/mol 

1.3 


0.1 

0 1 

0 05 

0.19 

0.35 



Mgm. 

138.2 


13 8 

20.2 

10.8 

64.3 

39.9 

287.2 

290.0 

Mgm. C 

37.7 


5.5 

11.0 

4.3 

23.0 

20.9 

102.4 

120.0 

Mgm. H 



0.9 

1.8 

0.7 

2 9 

5 2 

11.5 

10 0 

Mgm. 0 

100.5 


7 4 

7 4 

5.8 

38.4 

13.9 

173.4 

160.0 


Available — H. Found 24.1. Theoretical 30 


Per 2.87 millimols of serine on basis of NII 3 production 


Mols/mol... . 

1 0 

1 0 

0.23 

0.23 


j 0.24 



Mgm.. 

127.6 

48 8 

40.2 

59.0 




32 2 

307 8 

301 4 

Mgm. C 

34 8 


16.1 

32.2 




16.8 

99.9 

103 3 

Mgm. H 


8 6 

2 7 

5.4 




4.2 

20 9 

20 1 

Mgm. 0 . . 

92 8 


21.4 

21.4 




11 2 

146 8 

133 8 



Available — H. 

Found 35.8. 

Theoretical 37 3 



Per 0.98 millimols of glutamic acid on basis of NHj production 


Mols/mol. 

0.94 

1.0 

0.90 

0.45 

trace 





Mgm 

41.4 

16.6 

54.0 

39.6 




151.6 

147.1 

Mgm. C 

11.3 


21.6 

21.6 




54 5 

60 0 

Mgm. H . . . . 


2 9 

3.6 

3 6 


1 

10.1 

9 0 

Mgm. 0 . 

30.1 


28.8 

14.4 


1 

73 3 

64 0 



Available — H. 

Found 19.1. Theoretical 20 6 



Per 0.92 millimols of aspartic acid on basis of NH 3 production 


Mols/mol . 

1.05 

1.0 

0.18t 


0.55t 


0.3 

1 

! 


Mgm... 

46.2 

12.9 

10.9 


49.5 


13 8 

133.3 

122.4 

Mgm. C. . 

12.6 


4.4 


19.8 


7.2 

44.0 

44 2 

Mgni. H . 


2.8 

0 7 


3.3 


1 8 

8.6 

6.5 

Mgm. 0 

33.6 


5.8 


26.4 


4.8 

70.6 

58 9 



Available — H. 

Found 14.4. Theoretical 13.8 



* Reported as ethyl alcohol. 

t Reported as acetic and lactic acids, butyric and malic acids also probably found. 
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were generally omitted. All studies reported were carried out in m/15 phosphate 
buffer of pH 6.4 and at 37°C. with hydrogen as the gas phase. 

Pyruvic acid was readily utilized by C. tetani, the main products being carbon 
dioxide and lactic, acetic and butyric acids. Duclaux distillation indicated a 
ratio of approximately 1 part of acetic to 2 parts of butyric acid. The same 
products were obtained with the other substrates tested, the ratio of acetic to 
butyric acid varying with the substrate. In addition an alcohol, or alcohols, 
was produced from fumaric and aspartic acids and from serine. Duclaux dis- 
tillations of the bichromate oxidation products suggested the production of 
some butyl alcohol together with ethyl alcohol. The results of these distillations 
were only qualitative in character and the alcohol will be reported as ethyl alcohol, 

A portion of the fumaric acid appeared to be converted to malic acid which 
is not utilized by C. tetani. The evidence for the formation of malic acid rests 
on the observations that the non-volatile, ether-soluble, acidic products were 
readily oxidized by potassium permanganate in acid solution at 37°C. Since 
lactic acid could be readily determined, the difference between the lactic and the 
total non-volatile acid was considered to be malic acid. The quantitative 
carbon dioxide production on permanganate oxidation (method of S. F. Carson, 
personal communication), 1 mol of carbon dioxide being produced per mol of 
lactic acid and 3 mols per mol of malic acid oxidized, agreed closely with that 
postulated from the results obtained by the former method. In addition, a 
small amount of a silver salt was isolated, the silver content of which agreed well 
with the theoretical value for silver malate (found 62.6, theory 62.0 per cent). 
Succinic acid is not attacked by C, tetani and could not be detected as a product 
of fumarate utilization. Typical results of the fermentation studies are pre- 
sented in table 2. The results reported for aspartic acid are tentative since it 
is attacked at the slowest rate of any of the substrates utilized by C. tetani. 
The products from aspartic acid are reported as acetic and lactic acids and 
ethyl alcohol, but it must be borne in mind that butyric and malic acids and 
possibly butyl alcohol may also be produced. The values for available —H, 
with the exception of that found for fumaric acid utilization, are in good agree- 
ment with the theoretical. 


SUMMARY 

Glutamic and aspartic acids and serine are decomposed by suspensions of 
Clostridium tetani, carbon dioxide, ammonia, and acetic and butyric acids being 
the main products of decomposition. Appreciable amounts of lactic acid and 
alcohol are also produced from aspartic acid. The “Stickland reaction’’ is not 
involved in the metabolic activities of C, tetani. 

Essentially the same products are produced during the dissimilation of pyruvic 
and fumaric acids, malic acid being an additional product in the case of fumarate 
utilization. Glucose does not appear to be attacked by C, tetani, 
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INTRODUCTION 

For successful cultivation in vitro of Bacillus larvae, the organism responsible 
for American foulbrood of bees, media containing ^ ^natural” substances have 
heretofore been required, the organism failing to grow on ordinary laboratory 
substrates. White (1904) first cultivated this organism on a medium containing 
healthy bee larvae, though as prepared at first, using heat sterilization, the 
substrate permitted of but feeble growth. Using a broth of macerated larvae^ 
filtered and added aseptically to a basal medium of nutrient agar. White (1907) 
obtained better growth, enabling him to conduct inoculating experiments lead- 
ing to the establishment of B, larvae as the etiological agent. Later the same 
investigator (1919) prepared a medium to which egg yolk, removed aseptically 
from the shell, was added in place of the crushed brood. Maassen (1908) like- 
wise succeeded in cultivating the organism, using crushed brood and also an 
agar substrate containing calf brain, egg albumin and peptone. 

Whitens egg-yolk medium was modified by Sturtevant (1924) who found the 
addition of yeast helpful in promoting good growth. Testing the effect of plant 
extracts on growth of B. larvae, Lochhead (1928) found that satisfactory develop- 
ment could be obtained by replacing egg-yolk by extracts of orange, tomato or 
carrot, and developed a transparent medium containing carrot extract and yeast 
extract added to a base of peptone and K2HPO4. This medium has been used 
with success by Sturtevant (1932), Hitchcock (1936) and Stoilowa (1938). 
Later, Lochhead (1937) found an otherwise similar medium, in which turnip 
extract is used instead of carrot extract, to support rather better growth of B. 
larvae in the routine examination of suspected combs for this organism. 

Tarr (1937) found a modification of the brood filtrate medium more satis- 
factory for obtaining large numbers of spores than other media on which B, 
larvae sporulates with difficulty. He (1938) also devised a chicken embryo 
medium which proved suitable for the germination of the spores of B. larvae. 
More recently Holst and Sturtevant (1940) have further modified carrot extract 
and yeast media, chiefly through the addition of cysteine. 

Consideration of the media on which Bacillus larvae has been successfully 
cultivated suggests that accessory growth factors are required for the nutrition 
of the organism, since most of the addenda found necessary for growrth contain 
substances, which, in the light of more recent nutritional studies, are required 
for various species of the more “fastidious” micro-organisms. The experiments 

1 Contribution No. 136 (Journal Series) from the Division of Bacteriology and Dairy 
Research, Science Service, Department of Agriculture, Ottawa. 
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here reported were planned to note more specifically the growth-factor require- 
ments of the organism. 


METHODS 

For comparative purposes eight strains of Bacillus larvae were used, isolated 
from samples of American foulbrood comb ranging in age from fresh samples to 
those 13 years old, and including samples from widely separated parts of Canada. 
Cultures were isolated and tested for purity on turnip-extract-yeast-peptone 
agar. In the various tests the different strains behaved similarly, both in 
growth response and in morphological appearance, and hence are not reported 
individually. 

The tests were made on slants of solid media for which washed agar was used 
(1.6 per cent). The various addenda were added to a basal medium similar to 
that used by West and Lochhead (1940) in nutritional studies of soil bacteria 
and which consisted of glucose, 1.0 gm.; K2HPO4, 1.0 gm.; KNO3, 0.5 gm.; 
MgS 04 , 0.2 gm.; CaCb, 0.1 gm.; NaCl, 0.1 gm.; FeCU, 0.01 gm.; distilled water, 
1000 ml. The solution was heated to boiling, filtered and the reaction adjusted 
to pH 6.8. Amino-acids were used at a concentration of 0.05 gm. per liter, pep- 
tone (Bacto-peptone) at 0.5 per cent concentration and growth factors as fol- 
lows: 


Thiamin 

Biotin 

Vitamin Be 

Pantothenic acid 

Inositol 

Nicotinic acid 

Riboflavin 


100 gamma per liter 
0.1 gamma per liter 
200 gamma per liter 
100 gamma per liter 
0 05 gm. per liter 
100 gamma per liter 
200 gamma per liter 


Inoculation was made by spreading a standard loopful of suspension of B. 
larvae in uniform manner along the surface of the agar slant from top to bottom. 
Cultures were incubated at 37°C. 


EXPERIMENTAL RESULTS 

Amino adds, peptone and growth factors 

Preliminary tests were made to note the adequacy of a mixture of amino- 
acids as compared with peptone, with and without the addition of growth fac- 
tors, to support growth of B, larvae. For this purpose 10 amino-acids were 
used — cysteine, alanine, proline, asparagine, glutamic acid, aspartic acid, 
arginine, leucine, glycine and lysine. Growth factors consisted of a mixture of 
thiamin, biotin, vitamin Be, pantothenic acid, inositol, nicotinic acid and ribo- 
flavin. 

As noted in table 1, the combination of amino-acids, even with the addition 
of growth factors, was inadequate for growth. Peptone, though unsuitable by 
itself, supported very good development of B, larvae upon the addition of the 
combination of growth factors, with growth equal to that provided by such 
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“naturaP’ media as carrot-extract-yeast-peptone agar. The slight growth ob- 
served with peptone alone consisted of atypical cells which were observed to 
undergo rapid disintegration preventing successful transfer from this medium. 

Growth-factor requirements 

With peptone added to the basal medium, a series of tests was made to note 
the effect of omitting individual growth factors from the combination. The 

TABLE 1 


Effect of amino-acids, peptone and growth factors 


BASAL MEDIUM OF GLUCOSE-SALTS-NOi WITH ADDENDA AS BELOW 

GROWTH OF B 
LARVAE (8 strains) 

Nil 


10 amino-acids 

— 

7 growth factors 

- 

Amino-acids + growth factors .... ... 

— 

Peptone 

Trace ^ 

Peptone -f growth factors 



^ Cells rapidly disintegrate, transfers soon sterile. 

* Growth abundant, equivalent to that with addenda of vegetable extract, yeast or egg- 
yolk. 


TABLE 2 


Effect of omitting individual growth factors 


BASAL MEDIUM OF GLUCOSE-SALTS-NO 3 WITH ADDENDA AS BELOW 

GROWTH OF B 
LARVAE (8 strains) 

(1) peptone ... 

Trace^ 

(2) peptone -1- cysteine ... 

Trace 

(3) peptone -f cysteine + 7 growth factors 


(4) (3), omitting thiamin. # 

Trace 

(5) (3), omitting biotin 

+++ 

(6) (3), omitting vitamin Be . ... 

+ + + 

(7) (3), omitting pantothenic acid .. ... 

+ + + 

(8) (3), omitting inositol ... 

+ -f + 

(9) (3), omitting nicotinic acid .... 

+ + + 

(10) (3), omitting riboflavin .... .... 

+ -b-r 


1*2 See footnotes to table 1. 


results (table 2) were clear-cut in showing thiamin to be the essential factor. 
Without thiamin, growth was negligible, while the omission of each of the other 
growth factors from the combination was entirely without effect. Cysteine 
resulted in no growth response. 

To note any interrelationship between thiamin and the other growth factors, 
a further series of tests was made, in which the effect of thiamin alone and in 
combination with other growth factors was determined. As noted in table 3, 
thiamin alone is able to yield an excellent growth of B, larvae. Growth in the 
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presence of thiamin is not further improved by addition of any of the other fac- 
tors individually or by the full combination of growth factors. The results 
indicate that in the presence of peptone thiamin by itself provides satisfactory 
growth conditions for the organism, and suggest that the ‘‘natural’' substances 
employed for cultivating B, larvae depend for their effectiveness upon their 
content of thiamin. 


TABLE 3 

Effect of thiamin alone and with other growth factors 


BASAL MEDIUM OF GLUCOSE -SALTS-NOs WITH ADDENDA AS BELOW 

GROWTH OF B. 
LARVAE (8 strains) 

(1) peptone 

Trace' 

(2) peptone + 7 growth factors 


(3) (2), omitting thiamin 

Trace 

(4) peptone + thiamin .... 

4-f4- 

(5) peptone + thiamin -f biotin 

4-+4- 

(6) peptone + thiamin + vitamin Be 

+ 4-+ 

(7) peptone + thiamin -f pantothenic acid 

4-4-4- 

(8) peptone + thiamin 4- nicotinic acid . . 

4-4-4- 

(9) peptone + thiamin -f riboflavin . . ... 



See footnotes to table 1. 


DISCUSSION 

The suitability of peptone, as compared with the amino-acids used as basic 
ingredients, suggests the presence in it of other essential amino-acids, trace 
mineral elements or growth factors other than thiamin. Further experiments 
showed that in addition to the above-mentioned amino-acids, tryptophane, 
tyrosine, cystine, phenylalanine, histidine and serine were ineffective, even 
when peptone ash was incorporated in the media. Casein hydrolysate was 
unable to replace peptone. 

While it has not been possible as yet to replace peptone by simpler sources of 
nitrogen and thus devise a medium of definitely known chemical composition, 
substitution of thiamin for the more complex “natural” addenda heretofore 
required makes possible the preparation of a comparatively simple medium for 
cultivating B. larvae. The inclusion of 0.01 per cent KNO3 in the medium, an 
amount insufficient for a positive nitrite test with most nitrate-reducing species, 
though adequate for B. larvae, makes the medium suited to the characteristic 
nitrite reaction which has been found of considerable diagnostic value in detect- 
ing this organism (Lochhead 1928, 1937). 

SUMMARY 

Bacillus larvae, heretofore successfully cultivated only on media containing 
addenda of “natural” substances, has been found to grow well on a medium 
containing salts-sugar solution, peptone and thiamin. 

Thiamin completely replaced the growth factor effect of such addenda as 
vegetable extract, yeast or egg yolk. Other growth factors, namely biotin. 
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vitamin Be, pantothenic acid, inositol, nicotinic acid and riboflavin were without 
effect, nor did they increase the effect of thiamin in promoting growth either 
singly or in combination. 
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Although numerous workers have shown that gram-negative, non-spore- 
forming, lactose-fermenting, pectin-fermenting bacteria are widely distributed 
in nature, their sanitary significance remains uncertain. Bergey^s Manual of 
Determinative Bacteriology (1939) describes the tribe Erwincae as plant para- 
sites causing blights and soft rots, fermenting glucose and lactose with the forma- 
tion of acid, or acid and a small amount of visible gas, and usually attacking 
pectin. Since these organisms resemble closely the coli-aerogenes group, those 
which produce visible gas might be expected to pass through the completed test 
in the bacteriological examination of water, and give false tests. Whether this 
group of plant pathogens can be differentiated from coli-acrogenes organisms of 
intestinal origin by their ability to ferment pectin cannot be stated until the 
occurrence of pectin-fermenting coli-acrogenes organisms in the intestinal tract 
of man and animals has been investigated. This study has been undertaken in 
order to determine: (1) a suitable medium for the testing of the ability of organ- 
isms to ferment pectin; (2) the incidence of pectin-fermenting, lactose-fermenting, 
gram-negative, non-spore-forming bacteria in fecal material of man and animals; 
(3) the incidence of the above organisms in water; and (4) the cultural, morpho- 
logical and biochemical characteristics of pectin-fermenting bacteria from the 
feces of man and animals, and from water. 

Kruse (1910) referred to many investigators who had designated such common 
organisms as Bacillus subtilis and Escherichia coli as pectin-fermenting bacteria. 
Coles (1928) found that citrus pectin (heat sterilized) was fermented by seven 
out of thirteen strains of Bacterium oxytocum, four out of nine strains of Bac- 
terium aerogenes and two strains of Bacillus aceto-ethylicum. He concluded that 
only organisms which commonly occur in the soil are capable of attacking pectin 
with the production of acid and gas. He also stated that none of the intestinal 
forms, classified in the sub-genus Escherichia of the genus Bacteriumy produced 
acid or gas from pectin; however, he did find that some of the organisms belong- 
ing to the sub-genus Aerobacter were able to ferment pectin with the production of 
acid and gas. Burkey (1928) carried out an extensive study of pectin-fermenting 
organisms which had been isolated from soil, creek water, decayed potatoes, 
parsnips, cornstalks, hay infusions and sewage. He found that all of the gram- 
negative, lactose-fermenting organisms which possessed the ability to ferment 
citrus pectin (heat sterilized) produced both acid and gas from it. All of these 
organisms had characteristics similar to those of coliform organisms, including 
the ability to form typical colonies on Endo and eosin-methylene-blue agars. 
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He classified all of them in the genus Aerobacter but drew no conclusions as to 
their sanitary significance. 

Werch, Day, Jung, and Ivy (1941), in a study of the role of the intestinal bac- 
teria in the decomposition of pectin, used a broth containing a one-per-cent 
solution of pure citrus pectin which had been sterilized by filtration. Although 
their work dealing with the isolation of the responsible bacteria, with the deter- 
mination of the exogenous or endogenous source of the pectinase and with the 
products of decomposition was not completed, they concluded that pectin is de- 
composed by bacteria present in the feces. 

The ability of the various species of Erwinia to ferment pectin is too well 
known to require reviewing. 


EXPERIMENTAL 

1. Development of suitable media for testing the ability of 
organisms to ferment pectin 

Chemically pure apple pectin obtained from the General Foods Sales Company, 
New York, ]vas used in this investigation. This pectin was shown to be free 
from reducing substances other than pectin by two methods. In the first method 
a 70 per cent ethyl alcohol extract was tested with Benedict's solution; in the 
second method the pectin was precipitated from a 2 per cent solution and the 
filtrate was deleaded with hydrogen sulfide and tested with Benedict's solution. 
Controls containing small amounts of arabinose and galactose gave positive 
qualitative Benedict tests by both methods. 

Since no definite information could be found concerning the effect on pectin 
of sterilization by heat, the effect of autoclaving a one per cent solution was in- 
vestigated. At pH 5.0, pH 6.0 and pH 6.5, the pectin was hydrolized to reducing 
substances. At pH 7.0 only traces of reducing substances were produced, but 
at pH 7.2 and pH 7.5 large amounts of reducing substances were again produced. 

Since from these experiments it was concluded that it would be unsafe to test 
the ability of organisms to ferment pectin using a pectin-containing medium 
which had been sterilized by heat, the sterilization of the pectin was carried out 
in the following manner. Five grams of pectin were added, under aseptic con- 
ditions, to a sterile one-liter Erlenmeyer flask. To this were added 20 ml. of 75 
per cent ethyl alcohol, under aseptic conditions, and the flask was rotated rapidly 
to mix the contents. Since a high concentration of alcohol was undesirable in 
the final medium it was necessary to allow the alcohol to evaporate from the 
sterilized pectin before proceeding to the next step. It was found that, if the 
flask was allowed to remain at room temperature for 5-8 days, the alcohol would 
evaporate from the flask and leave the pectin with just a thin coating of alcohol. 
This coating of the grains of pectin with alcohol proved to be desirable for, when 
500 ml. of sterile distilled water were added to the flask, the pectin dispersed into 
the water at once, giving a one-per-cent solution which was clear and free of 
clumps. This one-per-cent solution could be added to any basal medium asep- 
tically and used for the determination of the ability of organisms to ferment 
pectin. In this investigation a basal medium containing 4 grams of ammonium 



SANITARY SIGNIFICANCE OF BACTERIA IN WATER 


193 


chloride and 4 grams of dibasic potassium phosphate per liter of distilled water, 
and one containing 6 grams of Bacto beef extract and 10 grams of peptone per 
liter of distilled water, were used. It was necessary to prepare these basal media 
in the above double strengths and to so adjust the pH of each that, after the 
addition of an equal quantity of the alcohol-sterilized pectin solution, the desired 
concentration of the ingredients would be obtained and the final pH of each me- 
dium would be 7.1. A combination indicator containing brom-cresol-purple and 
cresol red was used. Two milliliter amounts of the basal medium were placed 
in Durham fermentation tubes and sterilized, after which 2 ml. amounts of steri- 
lized pectin solution were added aseptically. After the addition of the pectin, 
the tubes of media were placed in the incubator at 37° C. for 48 hours and then 
at room temperature for 4 days, in order to detect contamination. 

Since, throughout these studies, neither acid nor gas production was ever ob- 
served in the extract pectin broth, except for acid production in check Erwinia 
cultures, the results with this medium will be omitted from the tabulations. As 
acid was frequently produced in duplicate inoculations in the synthetic medium, 
it would appear that fermentation was probably masked in the extract broth. 

2. The incidence of pectin-fermenting ^ lactose-fermenting , gram-negative, 
non-spore-forming bacteria in human and animal feces 

Eosin methylene-blue agar streak plates were made from feces samples from 
56 humans, 7 cows, 3 mules and 7 dogs and from the caecal contents of 6 fowls. 
After a 48 hr. incubation period well isolated colonies were picked from the plates 
into duplicate tubes of both extract pectin broth and synthetic pectin medium. 
Two or more colonies of each type present were picked from each plate. Trans- 
fers were made from all colony types which, if they had appeared on a plate from 
water, would have been considered to be typical or atypical colonies of coliform 
organisms. All cultures so isolated will be referred to as strains, even though 
many of the cultures were apparently duplicates. Controls consisted of unin- 
oculated tubes and of duplicate tubes inoculated with a known pectin-fermenting 
Erwinia and with a known non-pectin-fermenting fecal strain of Escherichia coli. 
The number of samples studied, their source, the number yielding pectin-ferment- 
ing, lactose-fermenting, gram-negative, non-spore-forming bacteria, the number 
of strains tested for ability to ferment pectin, and the number which fermented 
synthetic pectin medium with the production of acid are included in table 1. 

None of 507 strains of organisms which were isolated from 56 human stools 
fermented pectin. Gram-negative, lactose-fermenting, non-spore-forming or- 
ganisms with the ability to form acid in the synthetic pectin medium were iso- 
lated from the feces of one of seven cows, one of three mules, and from four of 
seven dogs. None were isolated from the samples from three horses and six 
fowls. In all, of 477 strains which were isolated from animal feces, only 48 
produced acid in the synthetic pectin medium. None produced gas. Thirty- 
eight of the 48 strains were from dogs. It is possibly significant that the dogs 
were laboratory animals which had been fed only on prepared chow. The ma- 
jority of the 48 strains of pectin fermenting organisms were from colonies which 
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resembled those of Aerohacter\ none were from colonies which resembled those of 
typical Escherichia, However, not all of the organisms which produced aero- 
bacter-like colonies were able to ferment pectin. 

All of the three strains which had been isolated from cow feces proved to be 

methyl-red positive. Two gave the “Imvic” reactions -f-H h and appeared 

to be Escherichia intermediates. The other, when first isolated, produced gas 
and acid from lactose. However, when its ability to ferment lactose was tested 
for the second time, using carefully sterilized lactose broth, it failed to produce 
gas. This may have been due either to the loss of the ability to produce gas, or 
to the lactose broth used in the first test having been injured by the process of 

sterilization. This strain gave the ‘Tmvic” reactions — I , and appeared 

to be an Escherichia organism. Four strains which had been isolated from mule 
feces proved to be methyl-red negative and Voges-Proskauer positive. The 
“Imvic” reactions H + were obtained with three of the strains, and H h + 

TABLE 1 


The incidence of gram-negative, pectin-fermenting, lactose-fermenting, non-spore-forming 
bacteria in human and animal feces 


i 

souses OF SAMPLES 

NO. OF SAMPLES 
EXAMINED 

NO OF SAMPLES 
YIELDING 
PECTIN 
FERMENTERS 

NO. OP STRAINS 
PICKED FROM 

E M B PLATES 
AND TESTED 
FOR ABILITY 

TO FERMENT 
PECTIN 

NO. OF STRAINS 
WHICH 
FERMENTED 
PECTIN 
(SYNTHETIC 
MEDIUM) 

Humans 

56 

0 

507 

0 

Cows 

7 • 

1 

92 

3 

Horses.. 

3 

0 

68 

0 

Mules ... .... 

3 

1 

44 

7 

Dogs ... 

7 

4 

155 

38 

Fowls ... 

6 

0 

118 

0 

Totals 

82 

6 

984 

48 


with one. All of these appear to be Aerobacter strains. The characteristics of 
three strains which, on preliminary examination, appeared to be identical with 
some of the strains which were studied, were not investigated in detail. All of 
the 38 strains which were isolated from dog feces gave the ‘Tmvic” reactions 

1-+, and appeared to be typical strains of Aerobacter aerogenes. All of the 

strains which were motile showed a peritrichous arrangement of flagella. 

The abilities of the 48 pectin-fermenting strains to ferment lactose, sucrose, 
glucose, maltose, alpha-methyl-glucoside, cellobiose, levulose, mannose, galac- 
tose, raffinose, rhamnose, trehalose, melezitose, salicin, amygdalin, aesculin, 
xylose, arabinose, glycerol, mannitol, dulcitol, sorbitol, adonitol, inositol, ery- 
thritol, glycogen, dextrin, inulin and soluble starch were determined. Their 
fermentation characteristics proved to be of little value in their identification.^ 

1 For results of fermentation tests see The Sanitary Significance of Pectin-fermenting, 
Lactose-fermenting, Gram -negative, Non -spore -forming Organisms. — D. B. McFadden, 
Thesis, University of Kentucky. 
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3. The incidence of pectin-fermenting ^ lactose-fermenting, gram-negative, 
non-spore-forming bacteria in water 

For the attempted isolation of pectin-fermenting coliform organisms from 
water, samples from a number of different sources were collected according to the 
Standard Methods of Water Analysis, 1936, and taken to the laboratory where 
they were examined as quickly as possible. As this study of pectin-fermenting 
coliform organisms in water was made with the view not only to determine the 
incidence of these organisms in water, but also to determine if colonies of these 
organisms would appear on cosin methylene-blue plates following the usual pro- 
cedure of enriching water samples in lactose broth, the following method for the 
isolation of these organisms was selected. 

Duplicate tubes containing 10 ml. amounts of Standard Methods double- 
strength lactose broth were inoculated with 10 ml. portions of the water sample, 
and duplicate tubes of single-strength Standard Methods lactose broth were in- 
oculated with 1.0 ml. and 0.1 ml. portions of the sample. The contents of the 
tubes which showed gas production at the end of 48 hours were streaked on 
Standard Methods eosin methylene-blue agar and, after incubation for 48 hours, 
well isolated colonies were picked from the plates to nutrient agar slants. At 
least two colonies of each type present on the plates were picked. Each culture 
thus obtained was considered to be a strain. Since the incidence of pectin-fer- 
menting organisms in water was not known, enrichment with pectin broth was 
also used as an aid in the isolation of these organisms from the first samples 
which were examined. Ten milliliters of the sample were placed in duplicate 
tubes of double-strength extract pectin broth and double-strength synthetic 
pectin medium. The concentration of pectin in these media was one per cent 
and each tube contained 10 ml. of the medium. One milliliter and one tenth 
milliliter portions of the sample were placed in duplicate tubes of single-strength 
extract pectin broth and synthetic pectin medium. The contents of tubes which 
showed the production of acid, or acid and gas after 7 days incubation were 
streaked out on eosin methylene-blue agar plates, and well isolated colonies were 
picked from these plates after 48 hours^ incubation. All of the strains which 
were isolated were tested for their ability to ferment pectin and lactose. 

Eleven samples of water were taken from ponds, wells, a cistern, a lily pool, a 
creek and a boiler compound, and examined for the presence of pectin-ferment- 
ing, lactose-fermenting, gram-negative, non-spore-forming bacteria. The re- 
sults are presented in table 2. 

From table 2 it can be seen that all of the samples except three yielded gram- 
negative, lactose-fermenting, pectin-fermenting, non-spore-forming bacteria. 
Of 259 strains which were isolated from the eosin methylene-blue plates, 71 pro- 
duced acid from pectin and acid and gas from lactose. Thirty-five of these 
strains were isolated following pectin enrichment and 36 following lactose en- 
richment. All of the 71 strains would have been isolated by the Standard Meth- 
ods of Water Analysis procedure and would have been considered to belong to 
the coli-aerogenes group. 
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Detailed characteristics of 51 of the 71 gram-negative, lactose-fermenting, 
pectin-fermenting, non-spore-forming organisms which were isolated from water 
have been studied. Nineteen, which were obviously duplicates of some of those 
that have been studied, were given only preliminary study. The 51 strains fall 
into eleven groups according to their ‘Tmvic’’ reactions. In the first group are 

four strains, with the reactions , which appear to be typical strains 

of Escherichia coli. The second group consists of six strains, with the reactions 

— I ^ which appear to be indole-negative Escherichia, The next three 

groups appear to be Escherichia intermediates. In the third group are ten 

strains with the reactions +-\ H, in the fourth four strains with the reactions 

— 1- + + and in the fifth two with the reactions + + ++. Of thirteen strains 


TABLE 2 

Incidence of gram-negative j pectin-fermenting ^ lactose-fermenting ^ non-spore-forming 

bacteria in water 


SOUBCE OF SAMPLE 

NO. OF 
COLONY 
TYPES ON 

E M.B. 
AGAR 

NO OP 
COLONIES 
PICKED 
FROM £ M.B. 
PLATES 

NO. OF 
STRAINS 
FERMENTING 
PECTIN 
(SYNTHET 
MED ) 

NO. OF 
STRAINS 
FERMENTING 
PECTIN AND 
LACTOSE 

NO OF 
STRAINS 
FROM PECTIN 
ENRICHMENT, 
FERMENTING 
PECTIN AND 
LACTOSE 

NO OF 
STRAINS 
FROM LACTOSE 
ENRICHMENT 
FERMENTING 
PECTIN AND 
LACTOSE 

Pond 

8 

22 

17 

17 

13 

4 

Lily pool .... .... 

3 

19 

5 

0 

0 

0 

Pond 

8 

33 

2 

1 

0 

1 

Pond 

10 

36 

14 

10 

9 

1 

Creek... 

28 

45 

21 

16 

13 

3 

Boiler compound . . 

7 

20 

1 

0 


0 

Well 

3 

10 

2 

0 


0 

Well 

5 

16 

10 

2 


2 

Cistern 

3 

20 

13 

13 


13 

Well 

8 

22 

6 

4 


1 4 

Source unknown 

3 

16 

8 

8 


8 

1 Totals 


259 

99 

71 

35 

36 


in the sixth group, with the reactions h+, eleven have the characteristics 

of Aerohacter aerogenes and two the characteristics of Aerobacter cloacae. In 
go up seven are six strains, with the reactions H f-+, which might be con- 

sidered to be indole-producing strains of Aerohacter, The one strain in group 

eight gives the reactions h — . Although the fermentation characteristics^ 

of the strains in the remaining groups are typical of the coli-aerogenes group, the 
'Tmvic” reactions make their relationships uncertain. In group nine are three 

strains with the reactions h, in group ten one strain with the reactions 

H h and in group eleven one strain with the reactions . 

2 For results of fermentation tests see The Sanitary Significance of Pectin-fermenting 
Lactose-fermenting, Gram -negative, Non -spore -forming Organisms. — D. B. McFadden, 
Thesis, University of Kentucky. 
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DISCUSSION 

Burkey (1928) and Coles (1928) reported that some strains of coliform organ- 
isms were able to produce both acid and gas from a synthetic pectin medium. 
On the other hand none of the strains which we have encountered produce gas 
from synthetic pectin medium. Since we have shown that heat sterilization 
produces reducing substiuices from pectin and since both of these investigators 
employed heat-sterilized media, it is possible that the gas was produced from 
some product which had resulted from hydrolysis of the pectin. 

Extract pectin broth appears to be unsatisfactory for the detection of fermen- 
tation by coliform organisms. Apparently fermentation is masked by the pro- 
duction of alkali in the medium. When the pH values of extract pectin broth 
cultures were determined electrometrically, they were found to have increased, 
whereas the pH values of the synthetic pectin medium cultures had dropped to 
as low as pH 4.82 after seven days incubation. The strain of Erwinia which 
was used as a control produced acid in both media. 

The strains of pectin-fermenting coliform organisms which we have isolated 
from animal feces and from water appear to be somewhat more varied than those 
w’hich were obtained from water by Burkey. He classified all of his strains in the 
genus Aerobacter, Of the strains which we have isolated from animal feces, 
those from the cow were methyl-red-positive intermediates while those from 
mules and dogs were typical strains of Aerobacter aerogenes. The strains which 
we have obtained from water include a number which appear to be intermediates, 
three strains of typical Escherichia coli and many strains of Aerobacter, 

We have classified all of our strains of pectin -fermenting coliform organisms 
in the genera Escherichia and Aerobacter although it is possible that some of the 
strains may belong in the genera Erwinia and Serratia. According to Bergey’s 
Manual of Determinative Bacteriology (1939) it would appear that organisms in 
the genus Erwinia differ from those in the tribe Eschericheae by usually ferment- 
ing pectin and by being pathogenic for plants. The results of our study of pectin- 
fermenting organisms seem to point out that the ability to ferment pectin is pos- 
sessed by a great many members of the coliform group and that, therefore, this 
characteristic is not of much value in identifying members of the genus Erwinia, 
No complete record of the characteristics of the members of the genus Erwinia 
is available. Without knowledge of the reactions of these organisms on the 
media which are commonly used for the studj' of organisms in the Eschericheae 
group it does not appear to be possible to determine if any of the coliform organ- 
isms which are obtained from water are Erwinia, 

Pederson and Breed (1928) in a study of the fermentation of glucose b}" organ- 
isms of the genus Serratia^ came to the conclusion that non-pigmented strains of 
Serratia might be properly classed in the genus Aerobacter, Accordingly, some 
of the pectin-fermenting strains from water, which rapidly liquefy gelatin and 
utilize uric acid, may be non-pigmented strains of Serratia, 

At present, it is not possible to state what is the sanitary significance of pectin- 
fermenting, lactose-fermenting, gram-negative, non-spore-forming organisms in 
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water. However a high percentage of the organisms which we have isolated 
from water, using Standard Methods procedure, ferment pectin, whereas none 
from human feces and only a few from animal feces ferment pectin. It appears 
likely, therefore, that many of the pectin-fermenting organisms which we have 
isolated from water were not of fecal origin. According to the present Standard 
Methods of Water Analysis a water supply would be condemned on the basis of 
the presence of these organisms. 


SUMMARY 

The incidence of pectin-fermenting, lactose-fermenting, gram-negative, non- 
spore-forming bacteria in the feces of man and of animals and in water has been 
studied. Pectin-fermenting ability has been tested in extract broth and syn- 
thetic bases to which alcohol-sterilized pectin had been added aseptically. Pec- 
tin-fermenting strains have been detected by the production of acid in a synthetic 
medium. No visible fermentation occurred in the extract broth medium. 

Of 507 strains of coliform organisms which were isolated on eosin methylene- 
blue agar from the feces of 56 persons, 68 strains which were isolated from the 
feces of three horses and 118 strains which were isolated from the feces of 6 fowls, 
none fermented pectin. Of 92 strains which were isolated from the feces of 
seven cows, three, all of which were isolated from the same cow, fermented pectin. 
Of 44 strains which were isolated from the feces of 3 mules, 7, all of which were 
isolated from the same mule, fermented pectin. Of 115 strains which were iso- 
lated from the feces of 7 dogs, 38, which were isolated from 4 of the 7 dogs, fer- 
mented pectin. 

In order to determine the incidence of pectin-fermenting coliform organisms 
in water, pectin fermentation tests have been made on strains which were ob- 
tained from colonies on eosin methylene-blue agar plates that had been made 
following the enrichment of water samples in Standard Methods lactose broth 
and in pectin enrichment broth. Of 259 strains which have been isolated, 71 
have been found to ferment pectin. Of these, 35 were from plates which had 
been streaked from pectin enrichment media and 36 from plates which had been 
streaked from Standard Methods lactose broth. 

Four of the pectin-fermenting strains, all of them isolated from water, pos- 
sessed typical Escherichia coli characteristics, 28 strains, from mule and dog feces 
and from water, possessed typical Aerobacter aerogenes characteristics and 32 
strains, from cow feces and from water, possessed characteristics of intermediate 
coliform organisms. 

Due to lack of information concerning the reactions of members of the genus 
Erwinia and of non-pigmented strains of Serratia on the media which are used 
for studying coliform organisms, it has been impossible to determine if any of the 
pectin-fermenting organisms which have been isolated belong to either of these 
genera. 

It has been concluded that since relatively more pectin-fermenting coliform 
organisms are found in water than in the feces of animals, some of them, at least, 
are probably not of fecal origin. 
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It is the purpose of this paper to report some observations on the response of 
rabbit intestinal muscle to the enterotoxin extracted from strains of staphylo- 
coccus cultured from food known to have produced attacks of food poisoning. 
The cultural, epidemiological and other aspects of this subject have been dis- 
cussed by several authors (Barber, 1914; Dack, Cary, Woolpert and Wiggers, 
1930; Jordan, 1931; Jordan and Burrows, 1934) and the literature has been 
reviewed by Richmond (1939). 

Except for descriptions of the clinical symptoms, indicating general gastro- 
intestinal irritation, little attention has been given to the physiological mech- 
anisms involved in this train of sequelae. The rapid onset suggested muscular 
disturbance, consequently the first approach was made in experiments on seg- 
ments of rabbit intestine. 

More recently Bayliss (1940) has published an experimental study of entero- 
toxin emesis in kittens. A brief paragraph in this paper refers to experiments 
similar to ours on cat and rabbit intestinal strips, from which the conclusion was 
drawn that the enterotoxin has no direct effect on smooth muscle. No detailed 
data were given. However, in the description of the gross responses of the 
animals to injections of enterotoxin, Bayliss mentions defecation and loss of 
appetite. The postmortem examinations showed “excessive mucus” in the 
tract. These observations certainly suggest local irritation. Bayliss finally 
•concluded that the main action of enterotoxin is on peripheral sensory struc- 
tures, secondly on the vomiting center, with no important influence on the mus- 
culature. In view of the paucity of data on intestinal strips we do not feel that 
our observations are controverted. Since we did no experiments on intact 
animals we have no data on emesis. The two studies, therefore, deal mainly 
with different mechanisms, both of which are involved in the response to entero- 
toxin by the intact organism. 

EXPERIMENTAL TECHNICQUE 

Contiguous segments of jejunum, about 4 cm. long, were isolated immedi- 
ately after the rabbit was killed by a blow on the neck, and suspended in oxy- 
genated Ringer solution at pH 7.3 and 38°C. To determine the role of the 

^ Submitted in partial fulfillment of the requirements for the degree of Master of Science 
in Physiology, 1939. The investigation was suggested by H. J. S. 
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mucosa, one segment was closed by ligatures and the everted rosettes of mucosa 
trimmed off completely. A fine hypodermic needle was used to relieve internal 
air pressure when necessary. The other segment was suspended so that the 
fluid circulated freely through the lumen. 

A constant volume of 60 ml. of solution was maintained in the bath for each 
segment. Before the test solution Was added, an equivalent volume of Ringer 
solution was siphoned off. 

The enterotoxin was prepared by the technique of Dack and Woolpert (1933). 
Cultures were grown on semisolid veal infusion medium in an atmosphere of high 
CO 2 content, the toxin separated by Berkefeld filter, and adjusted to pH 7.S 
in a constant volume of Ringer solution, and enclosed in serum bottles until 
required. 

Two types of control material were used. One consisted of extracts made 
by the same technique from cultures of air-borne strains of staphylococcus. The 
other was prepared in an identical manner from uninoculated medium. 


TABLE 1 



INCREASED 

NO CHANGE IN 

DECREASED | 


TOXIN 

ACTIVITY ! 

i 

ACTIVITY 

ACTIV ITV 1 

TOTAL NO 
TRIALS 


Number 

Per cent 

Number 

Per cent 

Number 

1 Per ^.ent i 


Mucosa exposed . . 

39.0 

i 

72.3 

14.0 

26.0 

1.0 

1 8 1 

54 

Mucosa not exposed 

42 0 

77.8 ; 

11.0 

20 3 

1.0 

18 { 

54 


EXPERIMENTAL RESULTS 

In 54 trials with the enterotoxin applied to the strip with the mucosa not ex- 
posed to the toxin, 77.8 per cent of the trials showed an increase in the activity 
of the gut segment, 20.3 per cent showed no change, and 1.8 per cent showed a 
decrease, while in the same number of trials with the mucosa exposed to the 
toxin, 72.2 per cent of the trials showed an increase in activity, 26.0 per cent 
showed no change, and 1.8 per cent showed a decrease (table 1). The criteria 
adopted as a measure of increased activity were primarily increased tonicity, 
as measured by an elevation of the base line, and increased amplitude. The 
rate of the contractions was not altered significantly. In almost all instances 
increased activity meant an increase in tonicity (fig. 1), in a very few an increase 
in amplitude only, and in many an increase in both tonicity and amplitude. 
Some strips showed persistently increased tonus after addition of the toxin, while 
others showed evidence of rhythmic spasms as a characteristic response. 

Control material was added to the intestinal strips in the same concentration 
and under the same conditions. Generally, the control material was applied to 
strips of gut which had also been subjected to the enterotoxin. Of 40 trials 
with the control broth extract on the strips with the mucosa not exposed, 55.0 
per cent showed no alteration of activity, 27.5 per cent showed a decreased 
activity (fig. 2), and 17.5 per cent showed increased activity, while in a similar 
number of trials on the strips with the mucosa exposed, 60.0 per cent showed 
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no change in activity, 22.5 p('r cent showed a decrease, and 17.5 per cent showed 
an increase (table 2). A preparation obtained from a strain of ^Staphylococcus 
isolated from the air, as far as could be determined, acted in the same manner as 
the control broth extract. From our data, the observation of Dolman and his 
collaborators that the toxin need not be absorbed through the mucosa of the 
intestine to prodiu^e its effec^t appears to be boine out , sinc(‘ the responses of th(' 
strips with the mucosa exposed were practically the sam(^, both quantitatively 
and qualitatively. The slight, (quantitative differences (nev(‘r (exceeding (> ptu* 
cent) in the number of responses of the two strips of gut subjected to tlu^ same 
(‘onditions an^ cmtin^ly within tlu' range' of ('xperimental error. Hem^e, we fe('l 
that th(^ ('ffect of th(' toxin on the smooth muscle of th(' gut, is probably that of a 
non-spt^ci fi c i r ri tan t . 

In addition t-o th(\se ivsults th(*r(* were 102 trials with singh' open segments, of 
('xtra(;ts cultured from 18 sam{)l(\s of food known to have caused poisoning. Of 
th(\s(^, 80, or 78.4 per cemt, n'spondc'd with definitely incn^asc'd motor activity. 
Th(' n^mainder either showed no change or so little as to be inconclusive. A 
contiguous segnumt of gut was us(h1 as a control indicator for uninoculated broth 
('xtrac,t. There was a mild augmimtation of activity in only 15 trials. 


( (IN I R(ll 


Mucosa exposed 
Mucosa not e\pos(‘d 


TAHLK 2 


1N( RI« VSIl) ! NO < H \N(,I IN j J)l(RPAbl'l) 

A( IIMFN I \( IlMIN I ACTIVITY 


Number j Per tent . Number , Percent j Number 

7 0 I 17 5 : 21 0 i (H) 0 I 0 0 

70 j 17 5 I 22 0 I 55 0 j 110 


Per cent 

22 5 
27 5 


TOTVL NO 
IRI \I,S 


40 

40 


DISCUSSION 

That many inv(\stigators hav(‘ coiiceriu'd thems('lv(\s with tlu* dc'velopiiK'nt of 
cultural characteristic's s])ecific for c'nt('rotc)xin-j)rc)clucing st rains of staphylococci 
with little success, is apparc*nt from reviewv of the literature. Therefore', it is 
readily understood that for the' prc'sc'iit, it would bc' dc'cidc'dly advantagc'ous to 
have some other mc'thod for the iclc'iitification of food-poisoning strains. Tlti- 
matc'ly it may be determinc'd that no uniformity of cultural cdiaracteristics foi* 
these strains exists and that thc*y have' only one common feature the' ability to 
produce emterotoxin. Dolman el al. (193()) have already developcM an index for 
the prescmcc' of the entei’otoxin by obsei*ving symptoms of food poisoning in 
kittens injected inti'apc'ritonc'ally with thc' enterotoxin. This method is dev 
pc'ndent upon individual ditferencc's in the animals and upon subjective intcu'pie- 
tations of what constitute food poisoning symptoms in kittens. Therefore, it is 
suggested that the possibility of the utilization of a technique for recording the 
increased i,onicity of the smooth muscle of the rabbit gut by thc^ enterotoxin as 
observed in these exqjeriments, in the absence of any extraneous smooth muscle 
irritant, be investigated fui'ther as a more objc'ctivc' method of demonstrating the 
presemee of the enterotoxin. 
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Although one cannot interpret clinical facts directly in the light of in vitro ex- 
periments, these experiments tend to explain many of the features of the clinical 
syndrome of Staphylococcus food poisoning. Thus, the nausea and epigastric 
distress seen early in the clinical syndrome perhaps reflect the early tonic effects 
of the enterotoxin upon the small intestine. Further, if the marked increase in 
the tonicity of the smooth muscle in response to the enterotoxin in vitro be con- 
sidered analogous to clinical enterospasm, much of the severe abdominal pain 
experienced at the height of an attack can be accounted for, since it is well known 
that enterospasm is an important factor in the production of gastro-intestinal 
pain. Although the mechanical factor of increased activity of the gastro-intes- 
tinal tract undoubtedly plays a significant r61e in the production of the diarrhea 
observed in the syndrome, the physico-chemical effects of the enterotoxin must 
undoubtedly play the major role in this response as well as in the genesis of the 
type of shock observed in severe cases. Further pharmacological experimenta- 
tion will be necessary to explain these more generalized effects of the enterotoxin. 

CONCLUSIONS 

1. Experiments indicate that the Staphylococcus enterotoxin produces pre- 
dominantly an increase in tonicity of the smooth muscle of the rabbit gut in vitro. 

2. The increased tonicity of the smooth muscle of the rabbit gut produced by 
the Staphylococcus enterotoxin may be comparable to clinical enterospasm, to 
which much of the gastro-intestinal pain experienced in food poisoning may be 
attributed. 

3. The observation of Dolman and his collaborators (1936) that the Staphy- 
lococcus enterotoxin need not be absorbed through the intestinal mucosa to pro- 
duce its effects on the smooth muscle of the gastro-intestinal tract appears to be 
confirmed by our experiments. Also, the effect of the enterotoxin on the smooth 
muscle of the gut is probably that of a non-specific irritant. 

4. The possibility of the utilization of the technique of recording the effect of 
the enterotoxin on smooth muscle as an index of the enterotoxin producing 
ability of various strains of staphylococci should be investigated further. 
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In a previous publication (1934) four serologic types^ of streptococcal bac- 
teriophage were described and designated A, B, C and D, to conform with the 
nomenclature of phage specific to other genera of bacteria. 

It has been shown (Evans) that phage in the nascent state, i.e., in the presence 
of cells of a sensitive strain undergoing lysis, is more potent than in the filtered 
state. The nascent and also the filtered phage may be utilized for the differ- 
entiation of certain streptococcic groups for which one or another of the several 
types of phage have special affinities. Phage A is an exception, however, in that 
it has not been found useful in classification studies because in the nascent state 
it is capable of lysing more or less completely all strains of Lancefield’s Group A; 
the filtered phage Aysi may or may not attack the strains of the various sub- 
groups of Group A, irrespective of other characters. 

Phage B is specific in its reactions and may be utilized to identify the strepto- 
cocci of Lancefield’s Group C, which are the only ones sensitive to filtered phage 
B. Although the strains of Groups A and E are resistant to filtered phage B, 
they are sensitive to it in the nascent state, with few exceptions to that general 
rule. Streptococci of the other Lancefield groups are completely resistant to 
Phage B (Evans and Verder, 1938). 

Phage C has a special affinit}" for the strains of Streptococcus scarlatinae (un- 
published data) with which it gives clear lysis in high dilution of filtered phage. 
Filtered phage C lyses many of the strains of other streptococcic species of group 
A, but with notably less vigor than it lyses the strain^ of S. scarlatinae. The 
strains of the epidemicus group are characterized by resistance to phage C 
(Evans, 1940). 

Filtered phage D has a special affinity for the enterococci, effecting complete 
lysis in a wide range of dilutions, whereas only an occasional strain of Group A 
is slightly sensitive to filtered phage D. Many strains of group A are slightly 
sensitive to phage D in the nascent state, but correlation of this with other char- 
acters of group A has not been observed (unpublished data). 

TECHNIQUE 

In preparing the stock supply of phage the streptococcic sub-stratum is always 
the same for a given type of phage, and is specified in the designation of phage. 

1 In this series of publications '‘race'’ refers to a pure phage of any isolation, being anal- 
ogous to the use of the term "strain” in bactcriologic literature;. ''type” refers to the sero- 
logic identity of the race as determined by neutralization by specific serum. 
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The phages used in our studies are designated Atbi, Bbbs, C 694 and D698, the figure 
referring to the strain of streptococcus which served for the propagation of the 
phage. 

The technique for determining the sensitivity of a given strain of streptococcus 
to phage as previously described (Evans, 1936) has been modified and is there- 
fore described here again in detail. This modified technique may be used to 
determine the sensitivity of any strain of streptococcus to phage A, B, C or D. 

The test for sensitivity of a strain of streptococcus to one of the types of phage 
can be most clearly described by an example. The testing of strain 1501 for 
sensitivity to phage Cb 94 requires 11 tubes, each containing 4.5 ml. of neopeptone 
broth. To each of 9 of the tubes of broth (3 sets of 3 tubes each) is added 0.5 
ml. of filtered phage in such dilution that the final dilutions are 10"^ 
10“® and 10"®. 

Overnight culture is used for the inoculum. It is diluted by transferring a 
loopful to a tube containing 4.5 ml. of broth. The inoculum is one drop of 
diluted culture. An example of a protocol is given in table 1 which shows the 

TABLE 1 


Examples of a test for sensitivity of a strain of streptococcus to phage C 694 


STREPTOCOCCIC INOCULUM 

APPEARANCE 

OF BROTH 

DILUTED PHAGE FILTRATE 

. 0 -. 

io-» 

10-6 

Strain 594 

Turbid 

4 

4 

4 

Strain 1501 . 

Turbid 

0 

0 

0 

Strains 594 and 1501 . . 

Turbid 

0 

2 

3 


0 designates turbidity as in the control broth culture. 
1, 2, and 3 designate decreasing degrees of turbidity. 

4 designates complete lysis. 


data for the test to determine the sensitivity of Strain 1501 to phage C594. The 
tubes with diluted phage of one set and a tube of broth are inoculated with 
Strain 594. These tubes act as a control test to determine the activity of the 
sample of phage and the viability and sensitivity of Strain 594. Clearing 
should occur in all three tubes containing phage. The tubes of diluted phage of 
another set and a tube of broth are inoculated with Strain 1501. The tubes 
with diluted phage of the third set are inoculated with both strains, 1501 and 
594. The cultures are incubated about 18 hours, and then readings are made 
for lysis. The method of making the readings is illustrated in table 1 which 
shows that Strain 594 (of the species of S, scarlatinae) is highly sensitive to phage 
C; Strain 1501 is resistant to the filtered phage, but it is lysed by phage C in the 
nascent state, under certain conditions such as those which prevailed in the 
second and third tubes of the series. 

The enhanced activity of nascent phage was the subject of a previous publica- 
tion (Evans, 1940). It is illustrated by the sensitivity of Strain 1501 to phage 
€594 at the moment of its development, although it is resistant to the filtered 
phage. 
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The purpose of testing with three dilutions of phage, varying from low to high, 
is to provide a wide range of conditions for the unknown vagaries of sensitivity 
of the strain in question, because zoning of the reaction as illustrated in table 1 
is common. In the case of any race of streptococcic phage, lysis by the filtered 
or nascent phage may occur in the higher when it is not evident in the lower 
dilution, or, lysis may occur in the lower but not in the higher dilutions con- 
taining a weaker concentration of phage. 

SUMMARY 

The technique for the determination of sensitivity of a strain of strepto- 
coccus to bacteriophage is described. The same technique is used for the 
determination of the sensitivity of any strain of streptococcus to any of the 
types of streptococcic phage A, B, C or D. 

REFERENCES 

Evans, Alice C. 1934 Streptococcus bacteriophage: a study of four serological types. 
U. S. Pub. Health Repts., 49, 1386-1401. 

Evans, Alice C. 1936 Studies on hemolytic streptococci I. Methods of classification. 
J. Pact., 31, 423-137. 

Evans, Alice C. 1940 The potency of nascent streptococcus bacteriophage B. J. Bact., 
39, 597-604. 

Evans, Alice C. 1940b Studies on hemolytic streptococci. VI. The epidemicus group. 
J. Bact., 40, 215-222, 

Evans, Alice C., and Verder, Elizabeth 1938 Studies on hemolytic streptococci. V. 
The characteristics of human and animal strains of groups A and C. J. Bact., 36, 
133-147. 




ANOTHER SEROLOGIC TYPE OF STREPTOCOCCIC 
BACTERIOPHAGE 

ALICE C. EVANS and ELSIE M. SOCKRIDER 
National Institute of Health, Bethesda, Maryland 

Received for publication October 13, 1941 

In a study of a group of streptococci of Lancefield’s Group A, biochemical 
characters, including fermentative reactions and sensitivity to bacteriophage, 
were investigated. It was observed that the strains of two of the sub-groups: 
(1) the lactose-deficient group (Evans, 1941), and (2) the mannitol-fermenting 
group were not particularly sensitive to any of the 4 known types of strepto- 
coccic phage. It appeared likely that one or more new types of phage might 
be found if a search were made, using strains of streptococci of these two groups 
for the substrata. 


EXPERIMENTAL 

The methods used for the isolation of phage from sewage, and the techniques 
for the study of its characters, followed, with certain modifications, those 
previously described (Evans, 1934). 

Isolation, Samples of sewage collected for another purpose in February and 
March, 1940, from the final clean-out trap leading from hospitals to the city 
sewage system were studied. Samples from Baltimore, Boston, New York 
City, Evansville, Indiana, and Washington, D. C. were examined for phage 
which might be active against any of six selected strains of streptococci repre- 
senting the two mentioned sub-groups. 

The sewage was treated in such a manner as to propagate any phage particles 
with an affinity for the selected strains which might be present. It was used 
as one of the ingredients of a medium in which the streptococci were grown in 
serial cultures. 

The medium consisted of meat-infusion broth of double strength distributed 
in test tubes in 8 ml. amounts and sterilized by heat. Previous to the inocula- 
tion, 8 ml. of sewage sterilized by filtration was added to each tube and 4 ml. 
of a sterile filtrate was also added. The filtrate will be described presently. 

The inoculum for the several culture generations of streptococci in the sewage 
medium was in every instance a mixture of the six strains. The mixture was 
prepared by adding one drop of overnight broth culture of each strain to 9 ml. 
of broth. One drop of this diluted mixed culture was planted in the sewage 
medium. After growth overnight the culture in sewage medium was filtered, 
and this filtrate was tested to demonstrate any possible lytic activity by planting 
each of the six strains in a tube of broth containing 10 per cent of the filtrate. 

The 4 ml. of filtrate added to the sewage medium for the first of the series of 
mixed streptococcus cultures was from a broth culture inoculated with the 
unfiltered sewage and incubated overnight at 37°C. For the second and follow- 
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ing culture generations of streptococcus the 4 ml. of filtrate added to the medium 
was from the preceding culture of the series. The process was continued until 
six or more serial plantings had been made. The filtrate from each of the serial 
cultures was tested with each of the six strains of streptococcus for evidence of 
lysis. 

A lytic agent active against the mannitol-fermenting strain No. 985 was ob- 
tained from two of the sewage samples; after the first enrichment passage in the 
medium containing Baltimore sewage, and after the third enrichment passage 
in medium containing the Evansville sewage. No lytic agent was found capable 
of attacking the other five strains included in the experiment. 

Strain 985 was received from Dr. Griffith in 1935, labelled ‘‘Beatty, type 
17.’’ It was found to be serologically distinct from all other type strains of 
Griffith, thus agreeing with the results reported by Griffith, and also by Keogh, 
Simmons and Wilson. 

After several serial passages of the new races of phage in culture with strain 
985, the filtrates of each race contained the lytic agent in dilutions as high as 10“®. 

The new races of phage were tested for neutralization by antiserum specific 
to phages of the serologic types A, B, C or D, using a technique previously 
described (Evans, 1934). Neither of the new races was neutralized by any one 
of the antiserums. This showed that the new races did not belong to any of the 
known serologic types. 

An antiserum was then prepared by injecting a rabbit with several doses of 
the filtered Evansville phage according to the technique previously described. 
The antiserum from this rabbit neutralized the new Baltimore race of phage as 
well as the Evansville race, but it neutralized none of the phages of types A, B, 
C or D. These results showed that the two new races belonged to the same type, 
which differed serologically from types A, B, C and D. The new serologic type 
was designated E. 


DESCRIPTION OF PHAGE E 

Phage E differs from the four previously known serologic types of streptococcus 
phages A, B, C and D in its unusual resistance to heat, and in the rapidity of 
development of secondary cultures. 

Thermoldbility. The temperature of inactivation of a freshly prepared sample 
of phage E 986 was determined in triplicate tests. The titer was 10“®; the pH 
was 7.4. One-half-ml. quantities were sealed in 5 mm. tubes and immersed for 
one hour in a water-bath at a constant temperature. Each cooled sample was 
then added to 4.5 ml. of neopeptone broth which was inoculated with one drop 
of homologous culture At the same time a control tube containing broth was 
inoculated with the culture. The tubes were incubated and read frequently 
for lysis. If no lysis occurred the culture was filtered and the filtrate was 
tested for active phage. This process was continued through 3 serial passages 
in broth culture, after which it was concluded that inactivation was complete if 
no evidence of lysis was observed. 

Phage E 986 survived temperatures up to 74-75°C. but after heating at 75-76®C. 
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no lysis occurred. The temperature of inactivation was thus shown to be 
higher by 10 degrees for phage E than for any other known streptococcic phage. 
It had previously been shown that phages Avbi and Bm were inactivated at 60®C. ; 
phage C 694 was inactivated at 65°C. and phage D was inactivated at 63°C. A 
test to determine the thermolability of one of the previously described phages, 
made simultaneously with a test on phage Egss, confirmed the earlier observation. 

Secondary cultures. The development of secondary growth in cultures lysed 
by phage Egss was rapid, appearing in 2 to 3 hours after complete lysis. On ac- 
count of the rapidity of the development of secondary growth it was necessary 
to modify the technique described for determining sensitivity to phage A, B, 
C or D (Evans, 1942). Instead of planting the tubes containing phage E with 
a drop of diluted culture they were planted with a drop of undiluted overnight 
culture. Incubation was for 6 hours, after which the tubes were placed in a cold 
room at about 15°C. and readings were made the following day. 

The plaques formed by phage E on 1.25 per cent agar containing 0.5 per cent 
glucose, with streptococcus 985 as the substratum, ranged between 0.5 and 0.75 

TABLE 1 


Correlation between the characters of mannitol fermentation and sensitivity to phage Em 


MANNITOL 

FERMENTATION 

SENSITIVITY TO FILTERED PHAGF £#86 

L. .. + . 

- 

Number 

Per cent 

Number 

Per cent 


21 

33 

52.5 1 

12 9 

19 

222 

47 5 

87 1 


mm. in diameter. The edges were blurred and irregular. As in broth cultures, 
secondary growth developed rapidly. 

Range of activity. The strains of Lancefield^s Group A were generally lysed 
more or less completely by nascent phage Egss with only an occasional resistant 
strain found. Hence, sensitivity to nascent phage Eggs was found to be a char- 
acter of no value for the differentiation of streptococci. Filtered phage Eggs 
lysed the homologous strain in dilutions as high as 10“®. Of the 295 heterologous 
strains of Lancefield’s Group A tested for sensitivity to filtered phage Eggs, 54 
were found to be more or less sensitive. Of the 295 strains 40 fermented man- 
nitol and 255 did not. That there is a correlation between mannitol fermenta- 
tion and sensitivity to phage Eggs is indicated in table 1 which shows that the 
frequency of sensitivity to phage Eggs in mannitol-positive strains was more than 
four times that in mannitol-negative strains. 

Of the 54 strains which showed more or less sensitivity to phage Eggg, none 
but the homologous strain was lysed completely in all 3 tubes of the test. The 
unique high degree of sensitivity of strain 985 to phage E is in agreement with 
its unique agglutinogenic property. Of the 295 strains tested for sensitivity to 
phage Eggs, 163 were also tested for agglutinability by an antiserum prepared 
by treating a rabbit with a course of injections with strain 985. Only the 
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homologous strain was agglutinated by the serum after absorption to remove 
non-specific agglutinins according to Griffith's technique. Since it has been 
found that in streptococci of other serologic types sensitivity to phage is cor- 
related with serologic grouping it is to be expected that when another strepto- 
coccus of type 17 is encountered it will be found to be sensitive to phage E 986 . 

SUMMARY 

Two races of streptococcic bacteriophage, serologically alike and distinct 
from the 4 previously known serologic types A, B, C and D, were recovered 
from sewage. 

The new type is designated E. Among 295 strains of streptococci tested, only 
one was found to be highly sensitive to the new race of phage. This strain. 
No. 985 of Griffith’s type 17, is serologically distinct from 163 strains of strepto- 
coccus which were tested for agglutinability in antiserum 985. 
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Respiratory enzymes play an important part in many of the fundamental 
reactions of the cell and since there has been only a very limited amount of work 
done upon the respiratory enzymes of the micrococci, the present study was 
undertaken. 


LITERATURE SURVEY OF THE DEHYDROGENASES 

Braun and Vasarhelyi (1932) found that relatively few substrates were de- 
hydrogenated by Staphylococcus aureus. 

Fabre (1935) studied the dehydrogenases produced by S. aureus. Of the 67 
substrates tested only 24 were found to be active. The most actively dehydro- 
genated were glucose, mannose, galactose, sucrose, lactose, xylose, maltose, 
lactate and formate. Substrates weakly activated were succinate, fumarate, 
ethyl alcohol and glutamate. The hydrogen donors which were inactive or 
doubtful were dulcitol, rhamnose, acetate, citrate, oxalate, alanine, phenylal- 
anine, asparagine, and aspartate. 

Ehrismann (1937) made a study of the dehydrogenases of micrococci and 
streptococci. The dehydrogenase activity was determined for S. aureus and 
Staphylococcus albus, Streptococcus pyogenes, Micrococcus tetragenus and Micro- 
coccus candicans. 

Most of the substrates were found to be activated by all the organisms, the 
difference being quantitative rather than qualitative. The main exceptions 
were the inability of M. candicans to activate malate, ethyl alcohol and arabinose; 
of M. tetragenus to activate dulcitol; and of S. aureus to dehydrogenate aspara- 
gine. 


EXPERIMENTAL 

Study of dehydrogenase activity of the micrococci 

The dehydrogenase activity of the various strains of micrococci was de- 
termined by the Thunberg (1918) technique. 

The organisms were grown in Roux bottles at 20°C. for 30 to 34 hours on a 
medium containing 0.5 per cent peptone, 0.2 per cent yeast extract, 0.2 per cent 
peptonized milk, 0.2 per cent meat extract, and 3.0 per cent agar, pH 7.0-7. 1. 
The growth was removed and washed three times by centrifugation with saline 
and suspended in saline in a bottle fitted with a tube for sterile aeration. The cell 
suspension was stored at five degrees and aerated before use. 

^ Journal Article No. 549 N.S. 

* Summary of thesis presented in partial fulfillment of the Ph.D. degree by the senior 
author. 
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In the Thnnberg tube were placed 1 ml. substrate (adjusted to pH 7.05), 
1 ml. saline, 1 ml. of 1-5000 methylene blue, and 1 ml. of phosphate buffer, and in 
the hollow stopper 1 ml. of aerated cell suspension. The buffer used was a mix- 
ture of m/30 K2HPO4 and m/30 KH2PO4 with a pH of 6.85. 

The tubes were evacuated for 2.5 minutes with constant shaking and incubated 
in water at 40°C. After allowing for equilibrium the cells were tipped into the 
tube and the time required to bring about complete reduction of the methylene 
blue was noted. The cell suspension was diluted with saline so that the reduction 
time, in the absence of any added substrate, was about one hour. The figures 
given in all the tables represent an average of two determinations. In no case 
did the difference between the two exceed five per cent and in most cases it was 
much less. 

The relative rates of dehydrogenation are shown in table 1, where glucose is 
the standard, 100. Raffinose, maltose, sucrose, glucose and fnictose were readily 
activated. Micrococcus flavus was more active against carbohydrates than any 
other organisms since all the sugars except d-arabinose and d-xylose were de- 
hydrogenated at a rate superior to that of glucose. Micrococcus aurantiacus 
dehydrogenated lactose and galactose at a greater rate than did the other 
organisms. Micrococcus freundenreichii actively oxidized only glucose, and 
Micrococcus cinnebareus only glucose, raffinose, and fructose. 

Ethyl alcohol and d-mannitol were readily activated by all the organisms ex- 
cept M. freudenreichii which did not activate any of the alcohols to an appreci- 
able extent. Dulcitol would be classed as Affair to good^' as a substrate for 
dehydrogenation by M. flavus and M, cinnebareus, but only “poor^^ in the case of 
the other organisms; while glycerol would be classed as “good to excellent” 
with M, flavus and M. aurantiacus, but “poor to inert” in the case of the other 
organisms. 

Of the four-carbon-dicarboxylic acids, citrate, lactate, acetate, and malate were 
activated at an appreciable rate, while fumarate, tartrate, and formate served 
as poor donators to methylene blue. Oxalate was not activated by M. luteus 
and M, flavus and served as a very poor substrate for the other organisms. With 
M. aurantiacus and M, cinnebareus formate was found to serve as an excellent 
hydrogen donor, while M, cinnebareus activated only formate, tartrate, acetate, 
and lactate to an appreciable extent. 

The amino acids used were not activated to any great degree with the exception 
of glutamate and a-alanine which, together with asparagine, served as “good 
to excellent” substrates. Beta alanine was not activated as rapidly as was 
alpha alanine but was superior to the majority of amino acids. 

Study of the complete respiratory system of the micrococci 

The various strains of micrococci were tested by the Warburg apparatus to 
determine the rate of oxygen uptake in the presence of the different substrates. 
The organisms were cultivated as for the dehydrogenase studies and were stored 
at 5°C. and aerated each time before use. 

Before determining the oxygen uptake with the different substrates the opti- 
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mum conditions for respiration were determined. It was found that the oxygen 
uptake was practically independent of the concentration of phosphate buffer 

TABLE 1 


The relative rates of dehydrogenation , with glucose taken as the standard, equal to 100 


SUBSTRATE 

M. LUTEUS 

E.FLAVUS 

M. AURANTI- 
ACUS 

M. FREUN- 
DENREICHll 

M CINNE- 
BAREUS 

d-Glucose 

100 

100 

100 

100 

100 

d-Arabinose 

58 

78 

85 

13 

6 

1-Arabinose 

49 

103 

74 

17 

12 

d-Xylose 

51 

90 

78 

41 

17 

d-Fructose 

132 

121 

78 

77 

75 

d-Mannose 

84 

126 

73 

59 

43 

d-Galactose 

49 

110 

174 

73 

13 

Lactose 

68 

101 

124 

53 

3 

Maltose . 

400 

195 

132 

65 

43 

Sucrose 

147 

399 

80 

76 

43 

Baffin ose 

334 

147 

250 

85 

77 

1-Rhamnose . ... 

57 

117 

65 

81 

18 

Ethyl alcohol ... 

140 

523 

3743 

24 

105 

Glycerol. . . 

56 

114 

367 

24 

32 

Dulcitol 

64 

138 

60 

18 

95 

d-Mannitol. 

106 

119 

134 

18 

154 

Formate 

50 

81 

1462 

13 

99 

Acetate 

137 

124 

162 

24 

69 

Lactate ... 

144 

138 

638 

21 

60 

Citrate . . , . 

160 

166 

93 

33 

6 

Oxalate 

40 

69 

69 

9 

5 

Malate ... 

130 

146 

88 

9 

10 

Succinate 

177 

180 

155 

73 

9 

Fumarate ... 

121 

128 

83 

9 

4 

Maleate 

208 

172 

199 

11 

40 

Tartrate 

117 

84 

60 

9 

82 

Asparagine .... 

179 

138 

205 

31 

13 

a-Alanine .... 

196 

126 

153 

31 

27 

b-Alanine ..*... 

113 

121 

90 

10 

9 

Glycine ... 

105 

86 

82 

15 

6 

dl-Leucine* ... , 

73 

94 

75 

26 

7 

dl-Isoleucine* 

63 

72 

82 

34 

3 

dl-b-Phenylalanine* 

54 

85 

65 

15 

59 

d-Glutamate* 

125 

90 

228 

57 

41 

Aspartate* 

52 

70 

117 

24 

46 

Endogenous respiration. 

40 

69 

51 

8 

4 


* Substrate used in m/30 concentration. 


(K2HPO4-KH2PO4) between m/10 and m/90 concentrations. Temperature and- 
pH exerted a greater effect. The optimum pH was found to be between 6.3 and 
6.8, the optimum temperature between 35° and 39°C. At 37°C. and above, the 
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rate of oxygen uptake decreased with time, so respiration studies were con- 
ducted at 35®C. which showed about the same initial rate as the higher tempera- 
tures yet decreased the tendency for heat inactivation. Using glucose as a 
representative substrate it was found that the respiratory system of the cells 
was quite stable since the oxygen uptake remained constant for four days if the 
cells were stored and aerated at low temperatures. 

In the light of the above facts, respiration studies were conducted for 60 
minutes at 35°C. in the presence of m/30 phosphate buffer (mixture of m/30 
K2HPO4 and m/30 KH2PO4, pH 6.7). The substrates were made up m/30 
and adjusted to pH 7.05. The washed cell suspension was stored at 5°C. and 
aerated for 30 minutes at 5°C. before use. 

In the Warburg vessel were placed 1 ml. of aerated cells, 1 ml. buffer pH 6.7, 
0.6 ml. saline, 1 ml. substrate m/30, and in the center cup 0.2 ml. of 20 per cent 
NaOH to absorb the carbon dioxide evolved. Mixtures of buffer, saline and 
substrate showed no oxygen uptake in the absence of cells. 

Nitrogen determinations were made on each cell suspension by the Kjeldahl- 
Gunning method. The indicator used was a mixture of methylene blue and 
methyl red as suggested by Johnson and Green (1930). The oxygen uptake was 
corrected to standard temperature and pressure and was reported as Q 02 (n) 
which represents the cubic mm. oxygen uptake per hour per milligram of ni- 
trogen. 

Sucrose, maltose, and glucose were excellent hydrogen donors (table 2) when 
oxygen was used as the ultimate hydrogen acceptor. M. flavus was more active 
against the sugars than were the other organisms. M, flavus alone was very 
active against rhamnose and M, cinnebareus was very active against fructose. 

Ethyl alcohol was rapidly oxidized by all the organisms as was glycerol except 
in the case of M. luteus. Dulcitol was activated at an appreciable rate by M, 
flavus, while mannitol served as an excellent substrate for M. cinnebareus, 
although both were poor substrates for the other organisms. 

Succinate and lactate were generally oxidized at a very rapid rate while 
fumarate, acetate, and malate were readily activated only by M, luteus, M, 
flavus, and M, cinnebareus. M. aurantiacus and M. freundenreichii oxidized 
lactate readily but were not very active against the other acids. 

Glutamate and asparagine were oxidized rapidly by all the organisms. Alpha 
alanine was activated at a rate greater than that of beta alanine by all the 
micrococci except M. aurantiacus which oxidized both at the same rate. 

The oxygen uptake of most of the substrates was constant or decreased slightly 
with time, although with a few of the substrates the initial rate of respiration 
increased during the 60 minute test. This is shown in figure 1. Glutamate 
showed a slightly increasing oxidation rate with all the organisms except M. 
flavus. Acetate and dl-b-phenylalanine showed an increasing rate with M. 
flavus, M. cinnebareus, and M . freundenreichii as did glycine and aspartate in the 
presence of M. aurantiacus. The initial lag noticed in the case of these sub- 
strates suggests the formation of some intermediate compound which provides 
a better substrate for respiration. 
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Study of respiratory inhibitors 

Several respiratory inhibitors have been used in an attempt to reveal certain 
properties and modes of action of enzymes. Narcotics have been found to 


TABLE 2 

The rate of oxygen uptake by micrococci 
The figures represent the Qo 2 (N) or the Mm® oxygen/hour /mgm. nitrogen. 


SUBSTKATE 

M. lUTEUS 

M FLAWS 

M. AURANTI- 
ACUS 

M.CINNE- 

BAXEUS 

M. FRUEN- 
DENREICHII 

d-Arabinose 

36.5 

27.7 

31.3 

63.0 

56.6 

1-Arabinose 

39.1 

40.4 

30.3 

64.1 

55 . 9 ^ 

d-Xylose ... 

56.5 

130.3 

32.5 

74 3 

65.4 

d-Glucose 

145.7 

79.5 

141.7 

318.7 

204 . a 

d-Fructose . ... 

67.9 

40.7 

99.4 

465.8 

74 1 

d-Mannose 

62.9 

40.3 

51.9 

108.4 

134.6 

d-Galactose 

98.7 

138.3 

35.8 

70.2 

60.8 

Lactose 

81.3 

139.2 

7.3 

54.6 

57.4 

Maltose ... 

145.8 

193.4 

41.1 

371.5 

180.0 

Sucrose 

201.8 

143.2 

390.4 

421.2 

164.1 

Raffinose 

58.9 

163.0 

35.6 

79 4 

66.5 

1-Rhamnose 

53.3 

147.5 

25.1 

51.2 

46.8 

Ethyl alcohol ... 

150.0 

194 8 

333.1 

406.7 

552.5 

Glycerol . . 

46.3 

151.4 

279.6 

378.5 

230.1 

Dulcitol .... 

95.0 

112.3 

18.7 

45.5 

46.7 

d-Mannitol. 

62.6 

43.5 

71.3 

415.7 

37 6 

Formate 

43.0 

55.0 

127.8 

207 9 

34 1 

Acetate 

141.6 

170.7 

57.0 

511.7 

32.3 

Lactate . 

63.5 

60.1 

242.4 

537.6 

333.8 

Citrate ... 

43.9 

137.9 

19.0 

41.6 

51.9 

Oxalate 

79.5 

122.1 

18.5 

39 8 

49.9 

Malate 

131.8 

127.8 

22.9 

343 7 

57.8 

Succinate . ... 

189.7 

429.0 

51 9 

408.5 

66.9 

Fumarate 

174.2 

313.0 

33.1 

292.5 

63.7 

Malcate 

43.4 

34.5 

19.8 

58.2 

36.9 

Tartrate . 

67.6 

106.6 

24.4 

28.1 

41 7 

Asparagine 

137.0 

126.0 

77.2 

477.1 

151.5 

a-Alanine 

102.8 

161.7 

33 5 

338.9 

465 6 

b-Alanine 

93.9 

118.8 

33.9 

94 7 

49.2 

Glycine 

116.3 

134.3 

154.6 

237.8 

60.0 

dl-Leucine 

56.9 

37.3 

32.6 

57.5 

41.4 

dl-Isoleucine 

79.4 

82.0 

39.6 

129.5 

174.5 

dl-b-Phenylalanine 

179.7 

177.8 

24.0 

439.6 

80.0 

d-Glutamate 

141.2 

306.1 

288.4 

613.5 

477.6 

Aspartate 

47.2 

162.8 

61 9 

168.9 

84 1 

Endogenous respiration 

41.8 

23.1 

16.2 

38.1 

31.5 


inhibit the dehydrogenases and are used to identify such systems. Cyanide 
has been found to inhibit iron-catalyzed reactions, hence reacts with cytochrome- 
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oxidase, catalase and peroxidase, while it is considered to have little effect upon 
the dehydrogenases, according to Green and Brosteaux (1936), and Hawthorne 
and Harrison (1939). It has been found, however, that the 1-malic dehydro- 
genase of Escherichia coli is sensitive to higher concentrations of cyanide (Gale 
and Stephenson, 1939) ; as are many dehydrogenation reactions performed with 
intact cells (Green and Brosteaux, 1936; Ehrismann, 1937). 

There is little information concerning the action of sodium azide on bacte- 
rial dehydrogenases although it inhibits catalase, peroxidase and cytochrome- 



Laotata 


Olaoote 

Funarate 


Fig. 1. The Rate of Oxygen Uptake by M. cinnebareus 


oxidase. The mono-halogen derivatives of acetic acid have been reported as 
inhibiting the reactions occurring during fermentation, Das (1937). 

Ehrismann (1937) studying the effect of cyanide on the dehydrogenase ac- 
tivity of Staphylococcus aureus found that m/100 cyanide decreased the reduc- 
tion time of methylene blue (increased the dehydrogenase activity) in the presence 
of lactate, glucose and fructose but inhibited the oxidation of glycine and 
alanine. Lactate and amino acid dehydrogenation were inhibited about 50 
per cent by m/10 cyanide. Lower concentrations exerted correspondingly less 
action on lactate while a concentration as low as m/1000 still inhibited the de- 
hydrogenation of the amino acids. 
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The effect of different concentrations of sodium monobromacetate on Staphy- 
lococcus aureus was determined in the presence of the above substrates. The 
activation of glucose and fructose was inhibited more than 50 per cent by m/100 
sodium monobromacetate, while the oxidation of glycine and alanine was only 
slightly inhibited. However, in the presence of m/10 sodium bromacetate the 
dehydrogenation of lactate was stimulated while the activation of glucose and 
fructose was completely inhibited. 

Influence of inhibitors upon dehydrogenases 

Method. The inhibitors sodium azide, sodium cyanide and sodium mono- 
chloracetate were studied by placing in the Thunberg tube 1 ml. of cells, 1 ml. 
m/30 buffer, pH 7.03, 0.3 ml. saline, 0.7 ml. of the inhibitor (m/10 to m/10,000), 
1 ml. methylene blue 1-20,000, and in the stopper 1 ml. of m/10 substrate. 

When cyanide was used as the inhibitor, the tubes were set up as above and the 
substrate added after 20 minutes. The time was noted for complete reduction of 
the methylene blue. W^hen sodium azide and sodium monobromacetate were used 
as inhibitors, the cells, methylene blue, saline and inhibitor were allowed to 
stand ten minutes before the addition of the substrate. The controls showed 
that none of inhibitors used reduced the methylene blue in the presence of buffer, 
saline, and substrate. 

A great difference was found among the organisms in regard to their dehydro- 
genase sensitivity toward inhibitors (table 3). The dehydrogenases of M. 
luteus and M.flavus were stimulated by a cyanide concentration as high as 1.4 X 
10~- molar while the other organisms were generally inhibited by this concen- 
tration. M. aurantiacus showed the greatest sensitivity toward cyanide, being 
inhibited by a concentration of 1.4 X 10”^ molar. 

M. cinnebareus and M. flavus were the least sensitive to sodium monochlor- 
acetate since they were generally stimulated by a concentration of 1.4 X 10“^ 
molar, while M. aurantiacus appeared to be most sensitive to this concentration. 

Sodium azide appeared to be a stronger inhibitor than sodium cyanide since a 
concentration of 1.4 X 10”^ molar inhibited the dehydrogenases to a greater 
extent than did this concentration of cyanide. 

The glucose dehydrogenase of M. aurantiacus appeared to be exceptionally 
resistant to both sodium monochloracetate and sodium azide while the other 
dehydrogenases of this organism appeared to be very sensitive -to all inhibitors. 
The amino acid dehydrogenases were found to be uniformly more sensitive to all 
inhibitors than were the dehydrogenases active against the sugars and fatty 
acids. 


Influence of inhibitors upon oxygen uptake by micrococci 

Callow (1924) in studying the oxygen intake of a number of bacteria found 
very little oxygen uptake for Staphylococcus aureus and Sarcina aurantiaca. 
Gerard (1931) found the Q 02 (c.mm. oxygen uptake per hour per mgm. dry weight 
of cells) of Sarcina lutea to be between four and six, while the Q 02 in glucose was 
about 20. Methylene blue increased the oxygen uptake of endogenous respira- 
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TABLE 3 

The per cent increase or decrease in dehydrogenase activity in the presence of inhibitors 


INITAL CONCENTRATION 

If/10 

If/100 

if/lOOO 

If/10,000 

FINAL CONCENTRATION 

Po 

1.4 X io-» 

tassium cyan 

1.4 X10-* 

ide 

1.4 X 10-< 

1.4 X 10-» 

M. luieus 





Glucose 

4-64 

+71 



Sucrose 

4-104 

+29 



Lactate 

+48 

+115 

+47 


Succinate 

+14 

+18 



Glycine 




-37 

dl-b-Phenyl alanine 




-52 

M. flavus 





Glucose 

4-225 

+105 



Sucrose 

4-246 

+217 



Lactate ... 

+133 

+156 

+184 


Succinate 

+129 

+107 



Glycine 




-65 

dl-b-Phenylalanine 




-80 

M. aurantiacus 





Glucose 

-31 

-36 



Sucrose 

-56 

-48 

-37 


Lactate 

-57 


-5 


Succinate 

-60 

-57 



Glycine 



-80 


dl-b-Phenylalanine 




-67 

M. cinnehareus 





Glucose 

-22 

+52 



Sucrose 

-36 

+44 



Lactate 

-34 


+116 


Succinate 

-15 


+4 


Glycine 




-50 

dl-b-Phenylalanine 




-5 

M. freundenreichii 





Glucose 

-25 

+324 



Sucrose 

-14 

-6 



Lactate . . . 

+2.4 

=fc0 



Succinate 

+157 

+500 



Glycine . 




-74 

dl-b-Phenylalanine 




-68 


Sodium monochloracetate 


M. luteus 

Glucose 

-31 

-30 


Sucrose 

-28 

-22 


Lactate 

-10 

-16 


Succinate 

-3 

+13 


Glycine 

dl-b-Phenylalanine 
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TABLE Z— (Continued) 


INITIAL CONCENTRATION 

M/10 

M/100 

M/1000 

M/10,000 

PINAL CONCENTRATION 

1.4 X 10-2 

1.4 X 10-« 

1.4 X 10-4 

1.4 X 10-6 


Sodium monochloroacetate 


M. flavus 





Glucose 

+18 

+7.1 



Sucrose 

-7.2 

-11 



Lactate 

-8.8 

+6.4 



Succinate 

+25 

+28 



Glycine ... 




-59 

dl-b-Phenylalanine 




-66 

M, aurantiacus 





Glucose ... 

+59 




Sucrose . . 

-46 

+23 



Lactate 

-26 

-5 



Succinate 

-56 

-6.9 



Glycine ... 




-81 

dl-b-Phenyl alanine . . 




-66 

M. cinnehareus 





Glucose 

-35 

-24 



Sucrose 

+24 

+33 



Lactate . . ... 

+11 




Succinate , 

-11 

+51 



Glycine 




-50 

dl-b-Phenylalaninc 




-5 

M . freundenreichii 





Glucose 

-18 

-5.4 



Sucrose 

-18 

-7.8 



Lactate 

-24 

-38 



Succinate 

-31 




Glycine . 




-39 

dl-b-Phenylalanine 




-80 

Sodium azide 

M. luieus 





Glucose 


-12 

-4 


Sucrose .... 


-29 



Lactate 


+6 

-20 


Succinate 


-40 

-16 


Glycine 




-27 

dl-b-Phenylalanine 




-62 

M. flavus 





Glucose . 


+22 



Sucrose 


+15 

+36 


Lactate 


+17 

+16 


Succinate 


-3 3 



Glycine 




-47 

dl-b-Phenylalanine 




-71 
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TABLE 3 — {Continued) 


INITIAL CONCENTRATION 

M/10 

M/100 

M/1000 

M/10,000 

FINAL CONCENTRATION 

1.4 X 10-* 

1.4 X 10"8 

1.4 X 10-< 

1.4 X 10-» 


Sodium azide 


M. aurantiacus 





Glucose 


+64 



Sucrose 


-32 

+3.5 


Lactate 


-29 



Succinate 


-40 

-6.4 


Glycine 



-16 


dl-b-Phenylalanine 




-77 

M. ctnnebareus 





Glucose 


-39 

-8 


Sucrose 


+26 



Lactate 


+160 



Succinate 


-32 

+50 


Glycine 




-61 

dl-b-Phenylalanine 




-40 

M. freudenreichii 





Glucose 


+3.7 



Sucrose 



-55 


Lactate . . 



-38 


Succinate 



-60 


Glycine 




-60 

dl-b-Phonylalanine 




-60 


tioii about 50 per cent while the oxidation of lactate was inhibited between 10 
and 30 per cent. It was found that cyanide in m/100 concentration did not 
inhibit the oxygen uptake of the cells in the presence of any of the substrates. 
A cyanide concentration of m/10 decreased respiration about 65 per cent. Work- 
ing with the same strain one year later Barron (Gerard 1931), however, found 
that m/100 cyanide inhibited respiration about 50 per cent. 

Cook, Haldane and Mapson (1931) found that concentrations of cyanide 
below 2 X 10"“® molar did not bring about serious inactivation of the dehydro- 
genases of Escherichia coli. With formate as the substrate it was found that 
cyanide strongly inhibited oxygen uptake, but that the addition of methylene 
blue together with cyanide resulted in an oxygen uptake nearly that of the for- 
mate alone in the absence of the inhibitor. With lactate as the substrate, methyl- 
lene blue alone (m/250) inhibited respiration about 74 per cent, and when cyanide 
and methylene blue were added together about 67 per cent of the original uptake 
(lactate alone) was obtained. 

After studying the effect of the various inhibitors upon the dehydrogenases, 
the effect of the inhibitors upon the complete respiratory mechanism of the cell 
was determined. 

Method. In the Warburg vessel were placed 1 ml. cells, 1 ml. buffer pH 7.05, 
0.1 ml. saline, and 0.5 ml. inhibitor which was adjusted to pH 7.1 and in the 
center cup 0.2 ml. of 20 per cent NaOH to take up the carbon dioxide evolved. 
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When sodium monochloracetate and sodium azide were used, the cells, buffer, 
saline, and inhibitor were allowed to stand, with frequent agitation, for ten 
minutes before adding the substrate; when cyanide was used the substrate 
was added after 20 minutes. The carbon dioxide absorbent used was the 
KOH-KCN mixture suggested by Krebs (1935). 

A mixture of buffer, saline, substrate, methylene blue and inhibitor showed 
no oxygen uptake under the conditions of the experiment. 

Using glucose as a representative substrate it was found that Af. luteus was 
rather resistant to sodium cyanide. Figure 2 indicates that a cyanide concen- 
tration of 1.4 X 10“2 molar inhibited respiration nearly 70 per cent. A concen- 



Tlme in Minutes 

Fig. 2. The Effect of Potassium Cyanide (in Molar Concentration) upon 
THE Oxygen Uptake of M. luteus 

tration of 1.4 X 10“® molar inhibited respiration slightly during the first 45 
minutes, but the total oxygen uptake at the end of 60 minutes was identical 
with the uptake in the absence of inhibitor. M, aurantiacus likewise showed a 
similar increase when glucose was used as the substrate, but no other organisms 
or substrates acted in such manner. 

Cyanide concentrations less than 1.4 X 10“® molar brought about a stimulation. 
This amounted to 43 per cent in a cyanide concentration of 1.4 X 10""^ molar 
while half this amount of cyanide stimulated only 21 per cent. 

The influence of inhibitors on the oxygen uptake of the organisms was deter- 
mined using as substrates glucose, sucrose, lactate, succinate, glycine, and 
dl-b-phenylalanine. A concentration of inhibitor was chosen which did not 
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€xert too pronounced an effect upon the dehydrogenase and the effect of this 
concentration on the oxygen uptake of the cells was determined. 

Cyanide, (table 4), in a concentration of 1.4 X 10”^ molar greatly inhibited 
the oxygen uptake of the cells. In general, the inhibition of glucose was less 
than for the other substances. Since most of the amino acid dehydrogenases 

TABLE 4 

The 'per cent increase or decrease in respiration in the presence of potassium cyanide and 

methylene blue 


POTASSIUM CYANIDE 



PINAL ^ 

1.4 X io-« 

[OLAE CONCEt 

1.4 X 10-» 

ITRATION 

1 4 X 10-« 

KCN AND 
MB • 

M.B 

ALONE 

M. luteus 





1 mgm. 

Glucose 

-70 



-45 

-3.5 

Sucrose 

-77 



-13 

+157 

Lactate 

-79 



-74 

+45 

Succinate 

-95 



-94 

-6.5 

M. Jlavus 





1 mgm. 

Glucose 

-38 



-38 

+ 101 

Sucrose 

-78 



±33 

+44 

Lactate 

-76 



-71 

+5 1 

Succinate ... 

-93 



-90 

-3 3 

M. aurantiacus 





0 1 mgm 

Glucose 



+14 

+42 

-33 

Sucrose 



-6.4 

-91 

-83 

Lactate .... 



-12.3 

-47 

-15 

Succinate 


-17.1 


-76 

-63 

M. dnnehareus 





0.1 mgm 

Glucose 

-88 



-80 

-51 

Sucrose 

-92 



-82 

-35 

Lactate 

-93 



-71 

+57 

Succinate ... 



-26 

-87 

-73 

M. freundenreichii 





0 5 mgm 

Glucose 

-77 



-73 

+25 

Sucrose 


-f9.6 


+0 4 

+38 

Lactate .... 


-25 


-63 

+39 

Succinate 

-54 



-51 

-59 


* The cyanide concentration used was that recorded in the first column to the left, 
and the methylene blue concentration was that amount in milligrams indicated in column 
to right of this column. 


were strongly inhibited by a cyanide concentration as low as 1.4 X 10“® molar, 
the effect of cyanide upon the oxygen uptake was not determined. However, 
the dl-b-phenylalanine dehydrogenase of M. dnnehareus was an exception since 
it was inhibited only five per cent and the oxygen uptake only nino per cent by a 
1.4 X 10“' molar concentration of cyanide. 
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Influence of methylene blue upon cyanide inhibition 

The methods used were the same as for the study of the inhibitors alone ex- 
cept that for this work the methylene blue was made up with the cyanide and 
the pH of the mixture was adjusted to 7.05. This mixture of cyanide and 
methylene blue was added to the cells, buffer and saline and allowed to stand 
20 minutes before the addition of the substrate. The oxygen uptake was 
compared with that in the presence of methylene blue alone which was likewise 
allowed to remain in contact with the cells for 20 minutes before the addition 
of the substrate. 

The organisms varied in their sensitivity toward methylene blue (table 4). 
M. luteus and M. flavus were stimulated by the presence of one milligram of 
methylene blue in the presence of all substrates except succinate. The other 
organisms were inhibited by this dye concentration. M. cinnebareus was most 
sensitive to methylene blue since 0.1 milligram exerted strong inhibitive action 
in the presence of all substrates except lactate with which there was stimu- 
lation. 

Generally, cyanide inhibition was lessened slightly by methylene blue in the 
presence of glucose, sucrose, and lactate (table 4). The cyanide inhibition was 
completely removed by methylene blue only in the case of M, flavus with sucrose 
as the substrate and Af. aurantiacus with glucose as the substrate. The differ- 
ence shown in the susceptibility toward cyanide and in the ability of methylene 
blue to act as a carrier indicates that one single mechanism may not operate in 
the oxidation of the different substrates. 

Sodium monochloracetate in a concentration of 1.4 X 10”^ molar generally 
inhibited the oxidation of all the substrates with the exception of glucose, with 
which there was stimulation (table 5). Although sodium azide (table 5) was 
found to be a stronger inhibitor than sodium monochloracetate (table 5), the 
differences in stimulation and inhibition were quantitative rather than qualita- 
tive indicating that the point of attack of both inhibitors might be the same. 
From the action of the inhibitors it appeared as if a common mechanism might 
have been operative in the oxidation of glucose, since all organisms acted the 
same in that there was stimulation by sodium monochloracetate and sodium 
azide and inhibition by sodium cyanide. The cyanide inhibition, however, 
was partially removed by the presence of methylene blue. 

Possibly two mechanisms may exist for the oxidation of sucrose since with 
Af. luteus, Af . flavus and M, freundenreichii the oxidative mechanism was not 
susceptible to sodium monochloracetate or sodium azide. It was inhibited, 
however, by sodium cyanide and was not to any great extent reactivated by 
methylene blue. However, in the case of Af. aurantiacus and Af. cinnebareus 
the oxidative mechanism was susceptible to all inhibitors, and reactivation did 
not take place in the presence of methylene blue. 

The oxidation of lactate was sensitive to all inhibitors used in these experi- 
ments. After inactivation by cyanide, lactate oxidation was reactivated by 
methylene blue only in the case of Af . luteus, Af . flavus and M. cinnebareus. 
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Examination of micrococci for the presence of other respiratory enzymes 

Polyphenol oxidase is specific in that it will rapidly oxidize the ortho di- 
hydroxy phenols such as catechol. This is used as a basis for the determination 
of polyphenol oxidase. The oxygen uptake of the cells was determined at 
35®C. in the presence of five milligrams of catechol. 


TABLE 5 

The 'per cent increase or decrease in respiration in the presence of sodium monochlor acetate 

and sodium azide 



SODIUM MONOCHLORACETATE 

SODIUM AZIDE 

FINAL MOLAR CONCENTRATION 

1.4 X 10-2 

1 4 X 10-» 

1 4 X 10^® 

1.4 X KT-s 

1 4 X 10-4 

1,4 X 10-8 

M, luteus 







Glucose 

+97 



+161 



Sucrose 

+3.6 



+16 



Lactate . 

-26 



-26 



Succinate . 

-19 



-15 



Glycine 



-6.5 



-42 

M. flavus 







Glucose ... 

+6 



—4.6 



Sucrose 

+9.1 



+16 



Lactate 

-27 



-9 



Succinate .... 

-7.6 



-7.6 



M. auranhacus 







Glucose ... 

+16 



+0.2 



Sucrose 


-1.8 



-3 8 


Lactate . 


-7.2 




- 0.4 

Succinate 


+8.9 



+2 1 


Glycine 





+8 8 


M. cinnehareus 







Glucose . 


+9.2 



+2 6 


Sucrose 

-50 



-39 



Lactate . 

-44 



-35 



Succinate ... 

-54 




-14 


dl-b-Phenylalanine ... 



+4.7 




M. freundenreichii 







Glucose 

+3.2 



-1.3 



Sucrose 


-0.4 


+4.1 

-2 8 


Lactate .... 

-28 




-34 


Succinate 

+8.5 







In the Warburg vessel were placed 1 ml. cells, 1 ml. m/30 phosphate buffer 
pH 7.05, 1.1 ml. saline and 0.2 ml. of twenty per cent NaOH to absorb the 
carbon dioxide evolved. Five milligrams of catechol in 0.5 ml. of water were 
placed in the side arm and added after allowing 10 minutes for temperature 
equilibriiun. The oxygen uptake was followed for 60 minutes and compared 
with the oxygen uptake of the cells in the absence of catechol. The results 
are shown in table 6. 
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Catalase can be determined by measuring the oxygen given ofif from peroxide. 
A blank was run to determine the oxygen uptake by the cells which was added 
to the oxygen given up by the peroxide to give the total oxygen liberated. 

In the Warburg vessel were placed 1 ml. of cells, 1 ml. phosphate buffer pH 
7.0, 1.1 ml. saline and 0.2 ml. of 20 per cent NaOH to absorb the carbon dioxide 
evolved. One-half milliliter of diluted hydrogen peroxide was placed in the side 
arm of the vessel and was added after allowing 10 minutes for temperature 
equilibrium. Preliminary trials indicated the amount of peroxide used to be in 
excess. The respiration measurements were made at 35°C. for 30 minutes. 
The results are shown in table 7. 


TABLE 6 


The polyphenol oxidase activity of the 

micrococci 


ORGANISM 

QOs (N) IN ABSENCE 
OF CATECHOL 

Qoa (N) in 

PRESENCE OF 

5 MGIC. CATECHOL 

M. luteus 

30.4 

59.9 

M. flavus ... 

25.5 

116.8 

M. aurantiacus . 

26.6 

47.6 

M, cinnebareus .... . .... 

38.1 

185.4 

M . freundenreichii .... 

33.9 

38.0 


TABLE 7 

The catalase activity of the micrococci 


ORGANISM 

C. MM. O 2 UPTAKE 
IN ABSENCE OF H 2 O 2 

C MM. 02 
LIBERATED IN 30 
MIN./MGM. N 

M. luteus 

17.9 

46.9 

M . flavus ... . . ... 

17.6 i 

46 8 

M. aurantiacus ... . 

20.1 

80.2 

M. cinnebareus 

31.0 

291.9 

M. freundenreichii 

18.8 

42.1 


The cytochromes, or at least C 3 rtochrome-c, is oxidized by the enzyme cyto- 
chrome oxidase. This oxidase is a hemin compound and therefore is inhibited 
by carbon monoxide (in the dark) and by cyanide. 

Stotz, Sidwell, and Hogness (1938) found that cytochrome-c and the oxidase 
were involved in the oxidation of both hydroquinone and p-phenylenediamine, 
but that cytochrome-b, which does not oxidize hydroquinone, could function 
quite independently of this system in the oxidation of p-phenylenediamine. 

The ability of the micrococci to oxidize hydroquinone and p-phenylenediamine 
was determined as follows: In the Warburg vessel were placed 1 ml. cells, 1 ml. 
phosphate buffer m/30, pH 7.05, 1.1 ml. saline and 0.2 ml. of twenty per cent 
NaOH to take up the carbon dioxide evolved. In the side arm was placed 
0.5 ml. of hydroquinone or p-phenylenediamine 0.15 molar. The p-phenylene- 
diamine used was the hydrochloride which was adjusted to pH 6.95 immediately 
before use. 
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It was found that hydoquinone showed a considerable rate of auto-oxidation 
and therefore this rate was determined as a blank in each experiment Para- 
phenylenediamine, on the other hand, showed a very slow rate of auto-oxidation. 

Hydroquinone was not oxidized by any of the organisms with the possible 
exception of M, freundenreichii which showed an endogenous respiration Qoa(N) 
of 33.9 while in the presence of hydroquinone the Qoj(N) was 34.3. 

In the presence of p-phenylenediamine an increased oxygen uptake was 
observed. This is shown in table 8. 

M, aurantiacus and M, freundenreichii were found to be most active in the 
oxidation of p-phenylenediamine while M. dnnebaretts oxidized the compound 
very slowly. Since hydroquinone was not oxidized by any of the organisms, 
cytochrome-c may be lacking in these cells. The rapid oxidation of p-phenyl- 
enedktmine might indicate that cytochrome-b is very active since Stotz et al, 
(1938) found that cytochrome-b could act independently of cytochrome-c 
and cytochrome oxidase in the oxidation of this compound. The absence of 

TABLE 8 


The oxygen uptake of the micrococci in the presence of para-phenylenediamine 


ORGANISM 

Q02(N) in absence 

OF 

P-PHENVLENE- 

DIAMINE 

QOzfN) IN PRES- 
ENCE OF p-PHENYL- 
ENEDIAMINE 

M. luieus 

27 2 

102.5 

M.flavus 

23.5 

93.1 

M. aurantiacus ... 

14.5 

181.4 

M, cinnebareus 

49 0 

68.2 

M. freundenreichii .... 

30.7 

261.3 


cytochrome-c would class these organisms with Staphylococcus aureus^ albus^ 
and citreus and Sarcina aurantiaca which have been found by Frei et ah (1934) 
to contain the cytochrome components a, b, and d. 

In this connection, Krampitz and Workman (1941) found that Micrococcus 
lysodeikticus oxidized p-phenylenediamine but not hydroquinone. It was sug- 
gested that the cytochrome-c of this organism had a protein bearer differing 
from that of beef heart (which oxidizes both) which caused the potential of the 
former to be negative with respect to hydroquinone and hence inactive. 

SUMMARY 

The respiratory activities of Micrococcus luteus, Micrococcus fla^is. Micro- 
coccus aurantiacus, Micrococcus cinnebareus and Micrococcus freundenreichii 
were studied. Under the conditions of these experiments, it was found that 
when methylene blue was used as the hydrogen acceptor, the substrates found 
to be most readily activated were raflSnose, maltose, sucrose, glucose, ethyl 
alcohol, succinate, maleate, and glutamate. 

When molecular oxygen was used as the hydrogen acceptor the compounds 
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most readily activated were sucrose, maltose, glucose, ethyl alcohol, succinate^ 
lactate, glutamate, and asparagine. 

The oxygen uptake of most of the substrates was constant or decreased slightly 
with time, while some few of the substrates, mainly glutamate and dl-b-phenyl- 
alanine, showed an increasing oxidation rate. 

The influence on the cells of several respiratory inhibitors showed that the 
dehydrogenases of Micrococcus luteus and Micrococcus flxivus were stimulated 
by a cyanide concentration of 1.4 X lO"® molar, while the other organisms were 
inhibited by this concentration. The specific dehydrogenases were found to 
vary in their sensitivity toward inhibitors. Those which were active against 
the amino acids were most susceptible in that they were strongly inhibited by 
sodium azide, sodium monochloracetate and sodium cyanide in a concentration 
of 1.4 X 10“® molar. 

Cyanide inhibition was generally decreased by methylene blue but was com^ 
pletely removed only in the case of Micrococcus flavus with sucrose as the sub- 
strate and Micrococcus aurantiacus with glucose as the substrate. 

Methylene blue when used alone was found to exert an influence on the cells. 
Micrococcus luteus and Micrococcus flavus were stimulated by the presence of 
one milligram of methylene blue in the presence of all substrates except suc- 
cinate, while the other organisms were inhibited by this amount of methylene 
blue. Micrococcus freundenreichii was stimulated by 0.5 milligram in the pres- 
ence of all the substrates except succinate while Micrococcus aurantiacus and 
Micrococcus dnnebareus were inhibited by a concentration as low as 0.1 milli- 
gram. 

Sodium monochloracetate in a concentration of 1.4 X lO""^ molar inhibited 
the oxidation of all substrates with the exception of glucose with which there 
was stimulation. 

With the exception of Micrococcus freundenreichii all the organisms possessed 
moderate polyphenol oxidase and catalase activity. 

Hydroquinone was not oxidized by any of the micrococci, while p-phenylene- 
diamine was oxidized by all the organisms. This might indicate that cyto- 
chrome-b is abundant in the organisms and that cytochrome-c has a protein 
bearer which causes its potential to be negative with respect to hydroquinone 
and hence inactive. 
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The superior quality of glycerol synthesized from propylene (Groll, et aL, 1938; 
Williams, 1938, 1941), as compared with glycerol obtained from fats and oils, 
has been reported by Williams (1938) and confirmed by studies in pharmacology 
(Hart, 1939) and experiments in histology (Nichols, 1941). Since glycerol is 
a constituent of numerous culture media for microorganisms, the value of syn- 
thetic glycerol as a substitute for natural glycerol would be of interest to micro- 
biologists. In this study the development of certain microorganisms in natural 
glycerol media was compared with growth in corresponding synthetic glycerol 
media. 


EXPERIMENTAL 

In preliminary experiments the utilization of synthetic glycerol (ShelP) and 
natural glycerol (Eastman) was determined by the amount of growth on a bal- 
anced salts-agar medium (Allison and Hoover, 1934). After incubation at 30° 
or 36°C. for 16, 24, and 48 hours, no differences were observed in the extent of 
growth on the slopes of the synthetic glycerol and natural glycerol media lightly 
inoculated with washed cells of Pseudomonas aeruginosa, Phytomonas tumefaciens, 
Proteus vulgaris, Serratia marcescens, Ahaligenes viscosus, Achromobacter lipo- 
lyticum. Staphylococcus aureus. Bacillus aterrimus, Escherichia coli, Aerobacter 
aerogenes, and Mycotorula lipolytica. Two of the organisms tested, Alcaligenes 
lipotylicus and Corynebacterium simplex, both unable to decompose natural 
glycerol, also failed to utilize synthetic glycerol under the experimental condi- 
tions imposed. 

EFFECT OF SYNTHETIC GLYCEROL AND NATURAL GLYCEROL ON RESPIRATION OP 
BACTERIAL CELL SUSPENSIONS 

Although the amount of bacterial growth appeared uniform on both kinds 
of agar media, the possibility remained that the rate of utilization of the syn- 
thetic and natural products might vary. The methylene blue reduction technic 
as well as the Warburg respirometer were employed. As shown in table 1, 
the dehydrogenase activity of Escherichia coli, determined by the method of 
Isaacs and Nussbaum (1941), remains unchanged whichever type of glycerol 
substrate is used. 

Measurements of oxygen uptake of E. coli, Pseudomonas aeruginosa, and 

^ Contribution No. 209, Department of Bacteriology, Kansas State College of Agri- 
culture and Applied Science, Manhattan. 

* Courtesy Shell Development Co., Emeryville, California. 
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Serraiia marcescens were made with the Warburg apparatui^, following the gen- 
eral procedure reported by Wilson (1938). The cultures were grown on the 
high-nitrogen medium 79 of Fred and Waksman (1928) (mannitol omitted) for 
16 hours at 28°C., washed with Allison and Hoover’s (1934) salt solution, and 
a suitable mass of cells suspended in m/50 phosphate buffer containing m/50 
concentration of natural glycerol or synthetic glycerol. The results shown in 
table 2 are representative of those obtained in numerous studies with modified 
experimental conditions. 

It is evident from a comparison of the relative rates of dehydrogenation of 
different sources of glycerol by bacterial suspensions using oxygen and methylene 
blue as hydrogen acceptors that synthetic glycerol is equal to natural glycerol 
as a hydrogen donator. 


TABLE 1 


Methylene blue reduction time of cell suspensions of E. coli with different substrates atZ7°C* 


SUSPENSION 

CONTBOL 

GLUCOSE 

NATUKAL GLYCEROL 

SYNTHETIC GLYCEROL 


minutes 

minutes 

minutes 

minutes 

1 

60 

10 

30 1 

30 

2 (diluted) 

180 

15 

75 

75 


TABLE 2 


A comparison of the rate of oxygen consumption (Q 02 ) of bacterial suspensions on substrates 
of natural glycerol and synthetic glycerol 


ORGANISM 

TEMPERATURE OF 
RESPIROMETER 

Qo, 

Natural glycerol 

Synthetic glycerol 


X 



jS. marcescens 

35 

42.3 

42.8 

P. aeruginosa 

35 

58.8 

58.1 

^ , / 

35 

41.0 

37.5 

E. cob . . . < 

31.5 

40.4 

39.3 


THE VIRULENCE OF PLANT AND ANIMAL PATHOGENS AFTER GROWTH 
ON GLYCEROL MEDIA 

Cultures of Phytomonas tumefadens were carried on medium 79 with mannitol 
and the two kinds of glycerol as carbon sources. After frequent transfers at 
28°C. over a period of one month, the virulence of young and old cultures was 
ascertained by testing their ability to induce galls in the stems of the tomato 
host. Observations at frequent intervals for six weeks revealed no differences 
in the appearance of galls. 

In studies concerning the virulence of Salmonella pullorum for baby chicks, 
cultures were transferred daily for 10 days at 37°C. to beef-infusion broth con- 
taining glucose and natural glycerol or synthetic glycerol. The broth cultures 
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were fed separately to three of four lots of 2-day old chicks from the samepul- 
lorum-free brood. Post mortem of chicks for recovery and identification of 
Salmonella pullorum followed established procedures. From the summary of 
results shown in table 3 it is again apparent that virulence of pathogenic bacteria 
remains unaltered when synthetic glycerol is a major constituent of culture 
media. 


TABLE 3 

Mortality of chicks fed glucose and glycerol broth cultures of Salmonella pullorum 


1 

CULTURE 

NUMBER 

OF CHICKS 

MORTALITY 

Total 

Positive pullorum 



per cent 

per cent 

Glucose ... ... 

6 

84 

80 

Natural glycerol 

5 

100 

80 

Synthetic glycerol . , 

7 

100 

86 

Water (control) 

6 

0 

0 


DISCUSSION 

The data confirm previous reports of the desirable properties of synthetic 
glycerol, and support the belief that it can be as useful in bacteriological culture 
media as glycerol obtained from biological fats and oils. Synthetic glycerol 
was not found to be superior to natural glycerol; however, in view of the high 
degree of purity of synthetic glycerol (Williams, 1938), it may be preferred to 
the natural product in synthetic media for studies of microbial physiology and 
certain serological and immunological properties. 

SUMMARY 

1. Studies of growth on glycerol-salts media and of dehydrogenase activity 
•of bacterial suspensions have shown that synthetic glycerol (Shell) is as good a 
substrate as glycerol derived from lipids. 

2. The cultivation of Phytomonas tumefadens and Salmonella pullorum in 
.synthetic glycerol media had no deleterious effect upon the virulence of these 
bacteria. 
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The new procedure described in this paper may be used to identify gonococcus 
eolonies on the primary plate. 

The importance of and the methods of culturing Neisseria gonorrhoeae and 
Neisseria intracellularis in diagnosis and in carrier surveys have been indicated 
(A. P. H. A., 1941). In cultural studies for the diagnosis of gonorrhea the 
detection of ''oxidase-positive” colonics of gram-negative diplococci on the 
primary plate may be considered sufficient identification of the species in some 
cases. In medico-legal cases, as well as in chronic gonorrhea in the male or 
gonorrhea in the female, the species identification by carbohydrate fermentations 
or alkali-solubility is recommended (A. P. H. A., 1941; Pelouze, 1939; Pitts, 
1940; A. M. A., 1937; Knight, 1939). The identification of gonococci by their 
alkali-solubility was first investigated by Thomson (1923). The identification 
of meningococcus colonies in either diagnosis or carrier surveys is complicated 
to an even greater degree by the presence of "oxidase-positive” Neisserias which 
are normal in the nasopharynx. 

The male gonorrhea specimens used in this study were taken from initial and 
from reinfected cases of acute ant erior urethritis and from cases of anteroposterior 
urethritis. The type of case was determined by the two-glass urine examina- 
tion (Pelouze, 1939). The female gonorrhea specimens were from cases showing 
a wide range of clinical symptoms including leukorrhea, pruritis vulvae, fre- 
quency, endocervitis, or unilateral bartholinitis. The meningococcus species 
studied were three strains of lyophiled stock cultures and one strain isolated from 
a student nurse carrier. The other Neisseria species were also cultured from the 
nasopharynx of students. 


METHODS 

The specimens were cultured by one of the accepted procedures referred to 
n<bove (A. P. H. A., 1941). That is, they were streaked on a chocolate agar pre- 
pared with Bacto-Hemoglobin and Proteose # 3 Agar (Difco Laboratories, 1939) 
and the plates were incubated in an atmosphere of 10 per cent CO 2 for 48 hours. 
Isolated colonies of Neisseria species were streaked on slants of the same choco- 
late agar medium in rubber-stoppered test tubes, and the pure cultures so 
obtained were inoculated into carbohydrate media. These carbohydrate media 
contained Bacto-Phenol Red broth base, 0.1 per cent agar, 1 per cent carbo- 
<irate, and either 10 per cent ascitic fluid or 1 per cent of a chick embryo extract. 
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The chick embryo extract was prepared by grinding 11 -day chick embryos and 
making a 1 to 5 water dilution of the mash. 

The carbohydrates were freshly prepared in 25 per cent solution, autoclaved 
and added aseptically. Both the chick embryo extract and the ascitic fluid were 
used either unautoclaved or autoclaved in screw-capped bottles for 20 minutes 
at 121®C. The carbohydrate media were dispensed in 3 ml. amounts in Wasser- 
mann tubes. The cotton plugs in these tubes were cut flush with the mouth of 
the tube and cork stoppei’s were inserted for the first 24 hours of the 48-hour incu- 
bation period which was generally adequate. 

The microscopic alkali-solubility of ‘‘oxidase-positive” and of other colonies 
on the primary plate was determined as follows. Growth from one colony was 
emulsified as thoroughly as possible in about 0.02 ml. (or 3 loopfuls) of water in 
the center of a slide. The suspension was so prepared as to show not more than 
a just perceptible turbidity. A loopful of this suspension was then mixed with 
two loopfuls of water previously placed on the same slide but to the left of the 
original suspension. Another loopful of the original suspension was then mixed 
with a loopful of n/10 or n/5 sodium hydroxide (see results) previously placed 
on the same slide but to the right of the original suspension. After 30 seconds 
to 1 minute a loopful of hydrochloric acid of corresponding strength was mixed 
with the alkali-treated suspension on the right. The three preparations on the 
slide were then air dried, heat fixed, and stained by Gram's method in the usual 
manner. The smears were then examined microscopically. The center smear 
was examined first, to establish the presence of gram-negative diplococci. The 
smear of the water dilution of the original suspension, that is, the control smear 
toward the left end of the slide, was examined to determine the normal appear- 
ance, degree of autolysis, and the approximate number of organisms before alkali 
treatment. The smear of the alkali-treated suspension on the right was then 
examined to determine that the cells were or w^ere not dissolved by the alkali. 
It was found that when testing soluble Neisserias there was a maximum number 
of cells which could be dissolved by a given volume of the alkali. Therefore, in 
the preparation of smears, no more than the cells from one small colony or from 
part of a large colony were emulsified on the slide. 

This microscopic alkali-solubility test was used to determine the primary 
plate solubility of Neisserias which were isolated and subsequently identified by 
the described cultural methods. A total of 86 male and 33 female specimens 
were cultured for the gonococcus, 21 nasopharyngeal specimens were cultured 
for normal Neisserias, and three strains of lyophiled meningococci were plated. 

RESULTS 

Fifty-seven of the male specimens and six of the female specimens developed 
“oxidase-positive” colonies which were tested for n/10 alkali-solubility. All 
63 were soluble. Only 33 of the 57 soluble strains from male specimens and 2 
of the 6 soluble strains from female specimens were isolated in pure culture and 
all 35 were found to ferment glucose and not maltose, sucrose, or lactose. 

Twenty of the 21 nasopharyngeal specimens developed “oxidase-positive”^ 
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colonies. The 20 positive cultures were tested and 19 of the strains were found 
to resist the action of n/10 alkali. Of these 19 strains which were not soluble 
in the alkali, 15 fermented glucose, maltose, and sucrose, 2 did not ferment any 
of the four sugars, and 2 were not tested. 

One of the 20 ‘‘oxidase-positive” nasopharyngeal cultures fermented glucose 
and maltose of the four sugars and was soluble in n/10 alkali, and the three 
meningococcus stock culture strains were found to be partially soluble in the 
n/10 alkali and definitely soluble in the n/5 alkali. That is, a comparison of the 
control smear on the left with the alkali-treated smear on the right indicated 
complete solubility of both the gonococci and the primary isolated meningococci 
in n/10 alkali, practically complete solubility of the stock culture meningococci 
in n/5 alkali, and sufficiently complete insolubility of the other Neisserias as to 
differentiate them. 


discussion 

In the preparation of the carbohydrates used to identify Neisseria, it was 
found that autoclaved ascitic fluid was as satisfactory as unautoclaved fluid. 
This has been previously indicated (Carpenter, 1939) and minimized the hazard 
of contaminants in the ascitic fluid. The use of chick embryo extract as an en- 
richment in the carbohydrates was satisfactory if the extract was autoclaved in 
screw-capped bottles, but was not satisfactory if the sterile extract was not 
autoclaved before use. Subsequent and current reports of a heat labile-fraction 
in egg white which inactivates the growth factor biotin (Gyorgy et al., 1941) may 
or may not bear on this point. 

The new test described in this paper should not be recommended as a diag- 
nostic procedure for the identification of meningococcus colonies until it has 
been further investigated by those examining carriers on a larger scale. As 
indicated above, there may be a difference in the alkali-solubility of the primary 
isolated meningococci as compared with the solubility of subcultured strains. 
Another complicating factor may be found to be the occasional presence of menin- 
gococci in genito-urinary infections (Carpenter and Charles, 1941). 

On the basis of the work reported here the reliability of the test in identifying 
gonococcus colonies seems established. If this is confirmed in other hands, the 
value of the test is obvious. The cultural diagnosis of gonorrhea would involve 
only the preparation and examination of the primary plates. It would no longer 
be necessary to subculture well-isolated pure culture colonies for sugar fermenta- 
tions. That is, a report on the presence of Neisseria gonorrhoeas in the specimen 
could be made within 24 to 48 hours. The “oxidase-positive” colony which is 
contaminated by other organisms or within a film of spreading growth can be 
used to determine alkali solubility as satisfactorily as the well-isolated colony. 
In such cases the contaminating bacteria appear in both the control and in the 
alkali-treated smear. The test can be performed with a developed “oxidase- 
positive” colony. Therefore, primary plates on which only one such colony is 
found may still be the basis for a report of gonococci. There may be gonococcus 
colonies on primary plates which are not detected because they do not give an 
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“oxidase-positive” reaction (Pitts, 1940). In such cases the alkali-solubility 
of suspect colonies should be determined at the time when the gram stain is 
performed. 

The microscopic alkali-solubility method is also under invesligation with 
another objective in mind. That is, we are attempting to identify the gono- 
coccus by treating the gonorrheal exudate or specimen itself with the alkali. If 
this is possible, the necessity for a cultural examination may be eliminated in 
the diagnosis of those cases in which the gonococcus is present in the specimen 
as a morphological entity. 


SUMMARY 

A new microscopic method is described for differentiating colonies of Neisseria 
gonorrhoeae from colonies of normal flora Neisseria species. The differentiation 
is a function of the relative solubility of the gonococcus cells in a weak sodium 
hydroxide solution on a slide. This method minimizes the laboratory work 
and time entailed in rendering a report of Neisseria gonorrhoeae. It may also 
make such reports possible in cases where the Neisserias would otherwise remain 
unidentified. 
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Although the quantitative ‘‘pock counting’’ method of titrating a wide 
variety of viruses on the chorioallantois has been used in this laboratory for 
the last six years, there has been very little application of the method elsewhere. 
Schaffer and Enders (1939) studied the inactivation of herpes virus by immune 
serum along these lines and found the method satisfactory. Nelson (1938) 
has used the technique in roughly quantitative form for work with vaccinia 
and variola viruses. Haagen (1940) on the other hand considers that the 
method is quite unsuited for use as a general method for vaccinia virus titration. 

In the course of work on the photodynamic inactivation of herpes and vac- 
cinia viruses with methylene blue we have attempted to improve several aspects 
of the technique. In essentials our present methods are the same as those de- 
scribed by Burnet in 1936 but attention to details has resulted in a considerable 
improvement in the membranes obtained. 

In our experience there is only one important cause for unsatisfactory re- 
sults; this is haemorrhage on the inoculated surface of the chorioallantois.^ 
A large haemorrhage will cause death of the embryo within 24 hours while 
smaller ones are almost invariably associated with nonspecific lesions of the 
ulcer type as described in the 1936 monograph. There seems to be an irregular 
seasonal variation in the readiness with which haemorrhages occur, the late 
summer being generally the most unsatisfactory period. There are also small- 
period fluctuations, some weeks’ supplies of eggs giving noticeably more satis- 
factory results than others. We have not been able to control the occurrence 
of these variations and can only suggest tentatively that they may be related 
to the nutrition of the laying hens; the possibility that the level of vitamin K 
may be responsible for the variation might be worth studying. 

Irrespective of the intrinsic character of the eggs supplied, the incidence of 
haemorrhage is largely determined by the care with which the various manipu- 
lations incidental to the inoculation are carried out. Haemorrhage may result 
from the trauma of a drill cut involving the shell membrane, from the turning 
in of a pointed angle as the triangle of shell is removed or from damage produced 
when the slit is made in the shell membrane in the first stage of inoculation. 
The capillaries from which haemorrhage occurs lie very superficially in direct 
contact with the inner surface of the shell membrane and haemorrhage may 
also be produced in the process of separating the chorioallantois and shell 
membrane. The only important modification of technique which we have 
recently introduced is designed to minimize damage during separation. This 
is to draw in a drop of sterile saline to act as a fluid wedge and make the falling 
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away of the chorioallantois under the influence of suction and gravity proceed 
more easily and smoothly. Direct examination of the chorioallantois in eggs 
drilled with a large opening for amniotic inoculations shows that with this 
technique the chorioallantois separates cleanly with no trace of haemorrhage 
in at least 80 per cent of instances where the technique has been correctly fol- 
lowed and the eggs are in a satisfactory condition. Using the former technique 
in which the chorioallantois was drawn away from the shell membrane without 
the use of saline, a certain amount of haemorrhage is almost invariable. 

DETAILED DESCRIPTION OP CURRENT TECHNIQUE 

Drilling 

A “Vulcarbo” disc No. 8 is used with a dental engine and three cuts through 
the shell are made to form an equilateral triangle 1.0 to 1.2 cm. along each side. 
Care should be taken to avoid the slightest damage to the shell membrane and 
our routine is to make the cut deeper at the angles than at the middle of the 
sides of the triangle. A minor point of convenience is to place the triangle so 
that with the air space end of the egg to the right, one side of the triangle runs 
parallel to the long axis of the egg and the two other sides converge toward the 
observer. This disposition of the triangle facilitates the reflection of the flap 
of shell membrane during inoculation. The drilling is completed by making a 
small cut through the compact layer of the shell over the air space. After 
drilling, the eggs are returned to the incubator. They should be inoculated 
within two hours of being drilled. Inflammatory changes develop rapidly in 
the chorioallantois beneath the drill marks and within less than 24 hours the 
membrane becomes adherent to the shell membrane at these points. 

Inoculation 

The equipment used is extremely simple, a plasticine stand to support the 
egg about 3 cm. above bench level, a straight triangular cutting-edge needle 
mounted in a suitable handle, a medium-sized nail or some similarly pointed 
object to make the opening into the air sac, capillary pipettes and rubber teats. 

An opening is first made into the air sac with the nail point. With the needle 
each corner of the triangle is gently prised up a little until it is clear that the 
triangle of shell will lift off easily. If this precaution is not taken it is easy to 
lift one side of the triangle and force the sharp angle opposite through the shell 
membrane. In the middle of the area of shell membrane so exposed a drop of 
sterile bland fluid (normal saline with 0.044 per cent CaCh is usually used) is 
placed. Through this drop a slit is made in the fibres of the shell membrane 
and enlarged sufficiently to be sure that the saline has come in contact with 
the upper surface of the chorioallantois. The details of making the slit are 
as follows: The needle point should be only moderately sharp and should 
contact the shell membrane at an angle of about 45®. It is pressed slightly 
downwards until the point engages the fibres of the shell membrane and then 
raised so as to split the membrane along the direction of its fibres. .The edge of 
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the slit should be raised sufficiently to extend the opening about 3 mm. and to 
allow a glimpse of the chorioallantois. Haemorrhage should be completely 
absent. The egg is now put aside for a minute or two while others are similarly 
dealt with. During this period the saline begins the work of gently separating 
the chorioallantois from the shell membrane. The next stage is to complete 
the formation of the artificial air space by suction with a rubber teat over the 
opening into the natural air sac. This should be done very gently and the suc- 
tion stopped as soon as the chorioallantois is seen to fall away from the shell 
membrane. Once started, the weight of the egg contents will complete the 
process. 

The slit is now enlarged with the needle and a flap made by cutting with the 
edge of the needle along the longitudinal edge of the triangle. If this flap of 
moist shell membrane is turned forward and pressed on to the shell it will 
adhere and leave a suitable opening for inoculation. The inoculating pipette 
is a capillary pipette with rubber teat, the capillary having been previously 
graduated at 0.05 ml. with a weighed drop of mercury. The pipette is held 
vertically and the inoculum deposited on the chorioallantois without touching 
shell or shell membrane. 


Sealing 

After a trial of transparent adhesive tape for sealing the opening we have 
reverted to the original method of using a coverslip on a rim of vaseline-paraffin 
mixture. The only technical point worth noting is to avoid allowing the melted 
paraffin to encroach on the edge of the opening. If the shell membrane — 
shell junction is infiltrated with paraffin right around the triangle, the air in 
the artificial air space is absorbed during the subsequent period of incubation. 

Removal and examination of membranes 

After the required period of incubation the eggs are opened and the chorio- 
allantoic membranes removed. A six-inch petri dish with a suitably moulded 
pad of wet cotton wool to support the egg is suitable for the purpose. The 
coverslip is removed and the shell broken away to the level of the fallen chorio- 
allantois. Any shreds of shell membrane are clipped away so that the edge 
of the area over which the inoculum was spread can be clearly seen. The 
chorioallantois is now removed with scissors, the cuts being made several 
millimetres outside the margin of the inoculated area. The membrane is 
dropped into a dish of 10 per cent formalin in saline and rinsed of blood clot, 
etc. Then it is spread out on a sheet of black photographic paper kept moist 
with formol saline. A bent glass spreader is a useful adjunct to the forceps in 
spreading the membranes satisfactorily. The membranes are left 5 to 10 min- 
utes before being transferred to half petri dishes for examination. After fixa- 
tion in the stretched condition they will lie flat in saline and the lesions can be 
examined and counted over a black background. For detailed examination the 
most convenient set up we have found is to spread the wet membrane out on a 
square of glass (lantern slide cover) and examine it with a hand lens against a 



244 


P. M. BURNET AND DOROTHY D. PARIS 


black background. We have used a petri dish lid painted black as a suitable 
support and background for examination. A certain amount of light coming 
in from the side and below makes it much easier to study the membrane than 
when it is spread directly on a black surface. The larger bloodvessels will usu- 
ally provide a suitable frame of reference for counting. 

In counting the numbers of specific lesions a certain amount of experience 
of the virus under study is needed in order to become familiar with the various 
appearances which the lesions may take on different membranes. It is equally 
necessary to have some experience of the different types of minor nonspecific 
lesion which may cause difficulty in interpretation. When working with viruses 
producing small foci the chief features of the specific lesions are (1) an almost 
circular form, (2) a central more opaque area of necrosis, (3) a surrounding haze 
due to inflammatory reaction in the mesodermal layer. As a good working 
rule, if any two of these features are present the lesion can be taken as specific. 
The differentiation of primary from secondary foci is sometimes difficult and 
must be based both on the size and distribution of the lesions. With experience 
it is usually easy to tell from the general appearance of the membrane whether 
secondary foci are present or not. Where they are numerous it is probably 
better to make a rough estimate of the number of primary centres rather than 
to attempt to assess the significance of each specific focus. 

In any large series of counts it will be found that the distribution of counts 
is asymmetrical owing to the occurrence of a proportion of unduly low counts. 
It is obvious that with a virus every active particle of which is capable of in- 
ducing a lesion under optimal conditions, any deviation of the membrane from 
normal will tend to lower the count. Abnormally high counts beyond the range 
of random sampling will only be obtained as a result of technical error or a fail- 
ure to recognize secondary foci as such. Although a rigid proof is difficult it 
is our impression that with those viruses which are suitable for work on the 
chorioallantois the count obtained under optimal conditions is very close to the 
actual number of virus particles present. Low counts are found particularly 
with two types of membrane, (1) those with a large nonspecific lesion as a result 
of haemorrhage during inoculation and (2) membranes easily recognized by 
the almost complete absence of minor nonspecific blemishes in which foci if 
present are abnormally small as well as unduly low in number. We have been 
in the habit of referring to these as nonresponsive membranes. 

In evaluating the average count from a group of membranes, usually four, 
inoculated with the same mixture or dilution we have adopted the convention 
of dividing membranes into those which could reasonably be regarded as giv- 
ing counts in the normal range and those which for one of several reasons might 
give counts well outside the standard range. In calculating the average, counts 
in the first group are given twice the value of those in the second less satis- 
factory group. The chief reasons for giving the lower value are large nonspecific 
lesions, nonresponsive t 3 ^pe of membrane and inability to be certain of the ex- 
tent of secondary focus formation. This weighting of counts seems to be the 
least objectionable way of utilizing personal experience to assess the relative 
significance of the counts obtained. 
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Although the relationship between virus concentration and pock count is 
approximately linear over the range within which reasonably reliable counts 
can be made, our experience indicates that there is a consistent deviation from 
strict proportionality. This deviation is in the same direction as that shown 
in titrations made by analogous methods of plant viruses such as tobacco 
mosaic (Youden, Beale and Guthrie, 1935) and of bacteriophages (Dreyer and 
Cambell Renton, 1933). Figure 1 shows the relation between the average, 
weighted as described above, of two counts from two decimal dilutions in a 
series of titrations of vaccinia virus. Counts between three and sixteen foci 
are indicated by dots on the 45° line, while the counts from the corresponding 
tenfold concentration of virus are shown by crosses at the appropriate position. 



Pook Count 

Fig. 1. Relation Between Virus Concentration and Pock Count 

It will be seen that without exception the counts are lower than would be the 
case with a strictly linear relationship. For this virus the general nature of the 
relationship is such as to give a series of the type 1 — 10 — 62 — ^300 foci for suc- 
cessive tenfold increases in virus concentration. Wherever possible we prefer 
to use counts averaging between five and twenty foci for giving a value to the 
titre of given material. With other viruses the relative diminution in focal 
counts with increasing concentration is not so evident. With egg-adapted 
influenza virus strains a simple linear relationship between concentration and 
count best agrees with the facts. 

A detailed titration of a stock of ‘‘W.S.’’ egg virus was made primarily to 
check up the relation between haemorrhage at the time of inoculation and the 
appearance of the membrane after two days incubation. Dilutions of 1:5000, 
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1:10,000, 1:20,000, 1:60,000 and 1:100,000 were tested, each on batches of 
four eggs inoculated through a wide opening to allow a clear view of the initial 
state of the membrane. Table 1 gives the count recorded for each membrane, 
the degree of haemorrhage noted at the time of inoculation and the intensity 
of nonspecific lesions. In this series the averages of the counts fall very close 
to the values 90 — 45 — 22.5 — 9 — 4.5 which are proportional to the concentration 
and there is no indication of any systematic deviation. A glance at the figures 


TABLE 1 

Titration of influeme virtta egg*' on chorioallantois 

A. Relation between virus dilution and focal count 


DILUTION 

COUNT OF foa 

WEIGHTED 

AVERAGE 

1:5,000 

109 

92 

88 

86 

91 

1:10,000 

50 

49 

42 


44 

1:20,000 

35 

25 

15 

5 

23 

1:50,000 

12 

11 

11 

5 

10.5 

1:100,000 

4 

3 

2 

2 

2.75 


B. Relation between degree of haemorrhage observed at inoculation and development of 

nonspecific lesions 


DEGREE 

OF HAEMOR- 
RHAGE 

NO. OF 
MEMBRANES 

LESIONS AT TWO DAYS 

+ 

7 

+ + 

+ + 

+ + 

+ 

■f 




=b 

5 

-f 

db 

— 

- 

— 




— 

8 

— 


— 



— 

““ 

““ 


Under degree of haemorrhage: + signifies easily visible oozing of blood usually giving a 
patch of at least 1 cm*; db smaller degrees of visible haemorrhage; — no trace 
of haemorrhage. 

Under nonspecific lesions: -f ++ (not represented in table) blood stained fiuid above 
membrance with ulcer type nonspecific lesion involving half or more of the inoculated area 
of the membrane; -1-+ extensive nonspecific lesion more than 1 sq. cm. in extent; + typical 
but small nonspecific ulcer; db minor degrees of nonspecific opacity; ~ no local traumatic 
lesions. 

will show that the close agreement obtained is better than would normally be 
expected from the scatter of the counts in each group. 

The proportion showing haemorrhage and subsequent nonspecific lesions is 
unduly high probably on account of the additional manipulation needed with 
the larger opening in shell and shell membrane. Amongst 22 eggs of the same 
batch inoculated on the same day by the normal chorioallantoic method one 
died nonspecifically, two showed + + + lesions, one + lesion and one ± lesions, 
while the remaining 17 had no nonspecific lesions. There was an absolute 
correlation between the presence of considerable haemorrhage at the time 
of inoculation and the appearance of definite nonspecific lesions after incubation. 
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Preservation of membranes 

When it is d(‘sir(‘d to preserve a membrane as a demonstration speeimen it 
can be moiint('d in glycerol-g(4atin })etw(‘en two lantern slidi^ eov(»rs. This 
method is due to Dr. E. V. Keogh. The iiKunbrane is removed from formol 



Fk; 2. Fouk Membk\nes from a Serie.s of V\(’(’iniv Virus Titrvtions: Natural Size 
1 Typical satisfactory nicrnbraiic with 2S specific foci and slipjlit nonspecific oedema; 
2 Technically p(*rfect iiiembraiK* with 4 specific foci, 3. Mianbrane showing a patch of 
secondary foci near the centre and some probable secondary foci in association with pri- 
mary foci at edge. This membrane v\as interpreted as having (> primary foci; 4. Typical 
seven* nonspecific lesion n'sulting from gross haemorrhage at the time of inoculation. 

saliiK' and spread carefully on one of the glass sheets, making sure that tliere are 
no bubbles of air beneath th(» memliraiR*. E.xcess fluid is drained off and 2 
or 3 ml. of melted glycerol-gelatin (gelatin 10 gins., water (it) ml., glycerol 70 
ml., phenol 0.25 gm.) placed on the centre of the membrane. Tlie upper 
glass is then low(‘red on to this and presse»d down carefully to avoid trapping air 
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bubbles. There is sufficient formalin in the membrane to act as a fixative for 
the gelatin and an antiseptic. Th(‘ edges of the preparations are bound as in 
ordinary lantern slides. The mounted membranes are best examined with 
oblicpie illumination against a bla(*k background but will also give surprisingly 
ck'ar pictures when projected on to a scn^en in ordinary lantcu-n slid(‘ fashion. 

SUMMARY 

Th(' techni(|ue of quantitative virus titration of th(' chorioallantois has been 
modified to avoid as far as possible the nonspecific h'sions produced by haemor- 
rhage when the chorioallantois is separated. A drop of sterile saline^ is used 
as a fluid wedge to facilitate* this separation. A number of other technical 
points in the* proc(*sse*s of ine)culating, ivnioving anel ce)unting the* membranes 
are eliscusse*d. 
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NOTES 

In response to a demand from the membership of the Society, a special de- 
partment will be included in each issue of the Journal for communications of 
less than five hundred words in length, for which the authors desire prompt 
publication. 

Such “Notes” must present the result of original research accompanied by 
adequate supporting evidence. Contributors should be careful to observe the 
bibliographical procedure which has been adopted by the Journal. Papers 
presented at local branches — for which prompt publication is otherwise pro- 
vided — will not be accepted. 

ALPHA-NAPHTHOL COLOR TEST FOR DIHYDROXYACETONE AND 

HYDROXYMALEIC ACID‘ 

WILLIAM J. TURNER, BERNARD H. KRESS ano NORMAN B. HARRISON 

Neuropay chiatric Research Unitf U. S. Veterans* Administration Facility ^ Northport, L. 

N, Y. 

Received for publication May 27, 1942 

In the course of other studies we tested a bacterial culture for acetylmethyl- 
carbinol by Barritt’s modification of the Voges-Proskauer reaction (1936). In- 
stead of the expected red, a blue color developed. Suspecting the presence of 
either glyceraldehyde or dihydroxyacetone, we tested these substances with the 
same reagent and found that dihydroxyacetone gave a blue color. We have been 
unable to locate any reference to a similar observation. 

The reaction occurs when, to 1 ml. of aqueous solution of the substance to be 
tested, there is added, first, 0.5 ml. of freshly prepared 6 per cent alcoholic alpha 
naphthol and, second, 0.2 ml. of 40 per cent potassium hydroxide. In the pres- 
ence of more than 0.1 milligram of dihydroxyacetone a yellow color soon changes 
to green and, in the course of a minute or so, this gives way to blue. The blue 
color is stable for hours. There is no characteristic visible absorption spectrum. 
The pigment is soluble in polar organic solvents, but not in benzene or ether. 

With 1 mgm. pyruvic acid or 25 mgm. acetoacetic ester a blue color also de- 
velops. No color is given by glucose, glyceraldehyde, lactic acid, glucuronic 
acid, acetaldehyde, or acetone. Beta naphthol cannot be substituted for alpha 
naphthol. 

Hydroxymaleic acid, M.P. 144°, prepared according to Wohl and Claussner 
(1907), yields a pink color which, in concentrations of less than 0.5 mgm. per ml., 
is slow to develop. With more than 1 mgm. per ml. there is a preliminary forma- 
tion of the green and blue phases seen with dihydroxyacetone, which pass through 
purple to a red which has no characteristic visible absorption spectrum. There is 
no fluorescence of this red substance, in contrast with that formed from diacetyl. 

* Published with the permission of the Medical Director of the Veterans’ Administration, 
who assumes no responsibility for the views expressed herein 
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Heating hastens and intensifies the color development. Extraction by amyl al- 
cohol during the blue phase separates the pigment into alcohol-soluble blue and 
water-soluble red. Extraction later reveals the blue unchanged, but the red 
gives way to yellow. Late extraction with benzyl alcohol results in all pigment 
going into the alcohol with a red color. 

Conclusion: With alpha naphthol and potassium hydroxide a blue color is 
given by dihydroxyacetone, pyruvic acid and acetoacetic ester. Hydroxy- 
maleic acid first turns blue, then red. 
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HYDROGEN IN THE METABOLISM OF AZOTOBACTER^ 

J. B. WILSON AND P. W. WILSON 
Department of Agricultural Bacteriology y University of Wisconsin^ Madison 

Received for publication July 24, 1942 

Phelps and Wilson (1941) found that cultures of Azotobacter vinelandii possess 
an active hydrogenase, the enzyme which activates molecular hydrogen. Be- 
cause of the possible significance of this finding for nitrogen fixation by Azoto- 
bacter j we recently tested other species to determine if they too have the enzyme, 
using O 2 as the hydrogen acceptor according to the technique already described 
(Wilson, Lee, and Wilson, 1942). The results were: 



A. VINELANOU 

A. AGILE 

A. CHROOCOCCUM 

Qo, (N) 


325 

118 

r 

3635 

4990 

1500 

Qk (N) { 

4365 

4180 

1500 


For this experiment Azotobacter cells from 40-hour cultures were used, 0.11 mgm. 
cellular nitrogen per flask. The Qo, (N) (mm.^ O 2 per hour per mgm. N) was 
estimated in 96 per cent He, 4 per cent O 2 ; the Qk (N) (mm.^ total gas uptake 
per hour per mgm. N), in 96 per cent H 2 , 4 per cent O 2 . No substrate was 
added. In this particular trial the hydrogenase activity in A, chroococcum 
was less than in the other two species, but in other experiments it had a Qk (N) 
equal to that typical of A. vinelandii — about 4000. 

The possession of hydrogenase by Azotobacter is somewhat unexpected since 

^ Support for this work was furnished in part by grants from the Rockefeller Foundation 
and the Wisconsin Alumni Research Foundation. 
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H 2 is not ordinarily concerned in its carbohydrate metabolism which consists 
primarily in the complete oxidation of the source of carbon to CO 2 and H 2 O. 
Preliminary experiments, however, indicate that suspensions of A, vinelandii 
about 5 to 10 times as heavy as those used for determining respiration or hy- 
drogenase activity induce an anaerobic production of acid and gas from added 
carbohydrate. The following protocol summarizes our results. 


SUBSTRATE 

ACXD PRODUCTIOK 

GAS PRODUCTION 

30 min. 

90 min. 

150 min. 

60 min. 

120 min. 

180 min. 

Experiment I 







Glucose 

12 

22 

35 

10 

21 

35 

Succinate 

10 

15 

27 

17 

31 

51 


3 

9 

18 

18 

35 

54 


30 min. 

60 min. 

90 min. 

60 min. 

120 min. 

180 min. 

Experiment II 







Glucose 

18 

36 1 

67 

12 

45 

85 

Fructose 

63 

128 ! 

226 

22 

71 

140 

Hexose diphosphate 

46 

92 

155 





2 

4 

6 





Values are mm.® gas liberated. Acid production estimated in 0.025 M NaHCOs 
buffer in gas mixture of 95 per cent He, 5 per cent CO 2 ; phosphorus in center 
cup. Gas production determined in phosphate buffer (pH, 7.5) in 100 per cent 
He; KOH in center cup; gas liberated calculated as H 2 . Cellular nitrogen, 0.5 
mgm. per flask in each experiment. 

The response in some trials was erratic; for example, a lag in gas output 
would be evident in the presence of both NaHCOs and phosphate, possibly 
because of residual O 2 in the gas mixtures. In other experiments, results from 
duplicate flasks were not too consistent. Nevertheless, the data from the two 
cited experiments and from others not given suggest that under anaerobic 
conditions resting suspensions of Azotobacter vinelandii can decompose carbohy- 
drate with production of acid and a gas which is probably hydrogen. 
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Effects or Viruses ON Animal Cells. A. mental Bacteriology, Mayo Foundation, 
M, Lucas, Iowa State College. Rochester, Minnesota*. 

During two attempts with the RCA elec- 
Histologic Adaptation of the Fox En- tron microscope mi crodi pi ococci, sometimes 
CEPHALITIS Virus. R. G. Green and J. in short chains, of varying size and opacity, 
C. Barton, Department of Bacteriology have been found at magnifications of X12,- 
and Immunology, University of Minne- 000, and 10,000, in filtrates (Berkefeld, Seitz 
sota. and Swinney) of spinal cord from one case 

The inclusion bodies of fox encephalitis of poliomyelitis, of four natural virus strains 
occur principally in endothelial cells of the adapted to monkeys, of five experimental 
cerebral capillary bed. Of 4,723 inclusions virus strains derived from streptococci and 
in sections of brain, spinal cord, liver, and of four chick-mash cultures of streptococci 
kidney of 10 naturally-infected foxes, 89% obtained in studies of poliomyelitis. They 
were in cells of the cerebral vascular endo- were not found in respective control fil- 
thelium and only 2% in the vascular en- trates. 

dothelium of the spinal cord, liver and After special staining, ^ unmistakable 
kidney; 7% of the inclusions were in cells of microdipl ococci resembling those seen with 
the pia-arachnoidal membrane, and 2% were the electron microscope have been found 
within nuclei of hepatic cells. There were with the light microscope at magnification 
27 inclusions per cubic millimeter in brain of X 1,000 in forty -five filtrates of seven 
tissue and only 2 inclusions per cubic milli- different natural virus strains, in thirty -five 
meter in the spinal cord. In the liver and filtrates of five different experimental virus 
kidney, also, 2 endothelial inclusions per strains and in seventy-two filtrates of old 
cubic millimeter were found. In fox en- chick-mash cultures of twelve different 
cephalitis the presence of an inclusion body strains of streptococci. Organisms were 
evidently indicates growth of virus within not found in a comparable number of control 
the cell, since inclusions appear in ependy- filtrates. 

mal cells only after virus is artificially The size, shape and density of the micro- 
placed in contact with the cells by inocula- diplococci were closely similar in the dif- 
tion of the cerebro-spinal fluid. ferent filtrates but their number varied 

The distribution of inclusions indicates greatly. The smallest forms revealed by 
that the fox encephalitis virus is adapted the electron microscope approximated the 
primarily to growth in vascular endothelium postulated size of the virus particle. The 
and grows secondarily in pia-arachnoidal microdipl ococci are considered to be the 
cells and hepatic cells. This virus does not filtrable or virus phase of the streptococcus 
seem adapted to invasion of nerve cells, which we have isolated consistently in 
The symptoms of encephalitis appear to studies of epidemic and experimental polio- 
be caused by destruction of the cerebral myelitis, 
vascular endothelium. 

Streptococcic Antibody-Antigen Reac- 
Microdiplococci in Filtrates of Natural tions of the Skin and Serum of Maca- 
AND Experimental Poliomyelitic Virus cus Rhesus Monkeys During Attacks 
AS Revealed Unstained by the Elec- of Experimental ^‘Virus’’ Poliomye- 

TRON Microscope and, after Special 

Staining, by the Light Microscope. ^Proc. Staff Meet., Mayo Clin., 17:99-106 
Edward C. Rosenow, Division of Experi- (Feb. 18) 1942. 
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LITIS. Edward C. Rosenow, Division of 
Experimental Bacteriology, Mayo Foun- 
dation, Rochester, Minnesota. 
Intradermal and precipitation tests were 
made in Macacua rheaus monkeys before^ 
during and after attacks of experimental 
poliomyelitis. Ten per cent solutions of 
the euglobulin fraction of the serum of 
horses immunized with streptococci isolated 
in studies of epidemic and experimental 
poliomyelitis and other diseases were in- 
jected intradermally and precipitation tests 
were made with the whole antiserums and 
the serum of monkeys. An immediate 
edematous cutaneous reaction consistently 
occurred at the site of injection of the 
“poliomyelitis” euglobulin and a precipita- 
tion reaction was obtained at the interphase 
between the serum of monkeys and whole 
poliomyelitis antistreptococcic serum dur- 
ing attacks of poliomyelitis, but not with the 
respective control euglobulins and whole 
antiserums. These reactions likewise did 
not occur in uninoculated monkeys, in mon- 
keys during the period of incubation nor 
after recovery following inoculation of 
virus. 

Normal monkeys which were given com- 
parable injections of dead streptococci from 
cases of poliomyelitis and arthritis, respec- 
tively, gave positive reactions to the respec- 
tive homologous euglobulins and whole 
antiserums. 

Intravenous and intramuscular injections 
of the concentrated poliomyelitis antistrep- 
tococcic serum caused the reactivity of skin 
and serum of monkeys during attacks of 
poliomyelitis to disappear, whereas injec- 
tion of control antiserums and normal horse 
serum did not. 

Preliminary Survey of Leptospirosis in 
Minnesota. Abe Stavitakyj University 
of Minnesota, Department of Bacteri- 
ology and Immunology. 

Using the Schuffner microscopic aggluti- 
nation test on blood sera, inoculation of 
young guinea pigs and white mice with 
blood, urine and tissues, and dark-field ex- 
amination of these materials, a survey was 
made of the incidence of leptospirosis in 
animals in the Twin Cities area and in two 
groups of the human population there, sus- 
pected and confirmed luetics. 


Forty-nine humans, consisting of four 
suspected cases, twenty confirmed luetics, 
twenty-five suspected luetics, yielded no 
positives by any method. 

Twenty apparently healthy dogs from 
rural communities near the Twin Cities gave 
three positive agglutination tests for Lepto- 
apira icterohemorrhagiaef two in titer of 
1:300, one at 1:100, two of these being posi- 
tive for Leptoapira canicola at 1:30. One 
of these dogs also showed a titer for ictero- 
hemorrhagiae of 1:100 in its urine. At- 
tempts to isolate leptospirae from blood and 
urine were negative. 

Virulent Leptoapira icterohemorrhagiae, 
strains, antigenically similar to strains iso- 
lated in other parts of the country, were 
obtained by animal inoculation of kidney 
suspensions from two of twenty wild rats 
caught in the Twin Cities. 

Agglutination tests on sera of forty-nine 
cottontail rabbits and thirteen raccoons 
were negative, as were attempts to recover 
spirochetes from a severely jaundiced 
beaver. 

Effect of Nitrogen Source on Apparent 
Acid Production from Carbon Com- 
pounds BY the Genus Pseudomonas. 
Richard Bender and Max Levine, Iowa 
State College. 

Acid production from four monosac- 
charides by 93 Pseudomonas strains isolated 
from chlorinated water was compared using 
NH4CI and peptone as nitrogen sources. 
Increasing the incubation period from two 
to seven days in the presence of NH4CI as 
the sole nitrogen source slightly increased 
the number of acid-producing strains. 
With xylose, arabinose and mannose the 
number of acid-producing strains was three 
times as great in the synthetic medium as 
in the presence of beef extract and peptone, 
and with glucose acid production in the 
presence of peptone was masked in 35 per 
cent of the strains indicated as acid-pro- 
ducers in the synthetic medium. 

A study of acid production from 13 carbo- 
hydrates, 6 polyhydric alcohols and one 
glucoside showed that 92-96% of the strains 
produced acid from the monosaccharides, 
65-78% from disaccharides, and 58-65% 
from alcohols. Sixty -seven per cent of the 
strains produced acid from salicin. 
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Because of the high percentage of strains 
fermenting the compounds, acid production 
from carbon compounds would probably 
not be satisfactory for the differentiation 
and classification of the group isolated from 
chlorinated waters. The need for stand- 
ardized conditions regarding composition 
of the basal medium and incubation period 
in fermentation tests with the group was 
pointed out. 

The Disinfection of Trout Eqgs Con- 
taminated WITH Bacterium Salmoni- 
ciDA. L. L. Gee and N, B. Sarlesy Uni- 
versity of Wisconsin. 

A Comparison of Media for the Detec- 
tion OF Coli-Aerooenes Organisms in 
Raw Milk. C. E. Skinner and R. M. 
Marvin ^ University of Minnesota. 

The numbers of Escherichia- Aerohacter 
organisms in raw milk were determined by 
means of the dilution-extinction method 
using standard formate ricinoleate broth 
and 2% brilliant-green bile broth. No 
evidence was obtained that one medium re- 
pressed more of these bacteria than the 
other. Gas was produced in a very consid- 
erable number of tubes of the formate 
ricinoleate broth and an insignificant num- 
ber of tubes of the brilliant-green bile broth 
from which no lactose fermenters were iso- 
lated. The organisms responsible for these 
false positive tests in the formate broth 
were largely members of the genus Proteus, 
It is pointed out that Proteus y Salmonella 
and other organisms which produce CO 2 and 
Ha from glucose are known to produce gas 
from formate. It is concluded that the 
inclusion of salts of formic acid in lactose 
media designed to detect or count Escheri- 
chia-Aerohacter is a mistake on practical as 
well as theoretical grounds, inasmuch as gas 
is produced from formates by certain non- 
lactose-fermenting bacteria. 

Observations on Bacteriological Con- 
dition OF Creamery Water Supplies. 
H. F, Long and R, T. Corley, Iowa State 
College, Ames, Iowa. 

Tests on the water supplies of 70 cream- 
eries included examination for Escherichia- 
Aerobacter species by enrichment in lactose 
broth and tryptose lauryl -sulfate broth; 


total counts on beef extract and tryptone, 
glucose, extract, milk agars at 37®C.; total, 
proteolytic and lipolytic counts on tryp- 
tone, glucose, extract, milk agar at 21 ®C.; 
examination for Pseudomonas putrefaciens 
by culturing on a special gelatin medium 
after enrichment in litmus milk at 3®C. and 
washing butter granules churned from 
thoroughly pasteurized cream with the 
water and testing keeping qualities of the 
unsalted butter at 21 °C. Approximately 
half the supplies were unsatisfactory as in- 
dicated either by production of defects in 
unsalted butter or content of Escherichia- 
Aerobacter organisms. Most of the unsatis- 
factory supplies represented water orig- 
inally obtained from plant wells although 
some city supplies were involved. Fre- 
quently, water collected directly from the 
well was satisfactory while that collected 
at the churn was unsatisfactory, the con- 
tamination evidently occurring either in 
the storage tank or in the piping. 

Influence of Growth at Low Tempera- 
ture ON Heat Resistance of Lacto- 
bacillus BULGARicus. J. G. Voss and 
W. C. Frazier, University of Wisconsin. 
Lactobacillus bulgaricus (strain Ga) was 
carried in sterile reconstituted skim milk 
at 37.2° and 24.3°C.; transfers were made at 
12- and 84-hour intervals, respectively, in 
order to obtain cultures of an equivalent 
degree of maturity. During incubation at 
37.2° after heat-shocking for 30 minutes at 
63°, the 24.3° culture initiated growth more 
rapidly and gave a more vigorous fermenta- 
tion than did the culture grown at the 
higher temperature. Incubation at 47.0° 
after heat-shocking showed even more strik- 
ing differences. However, plate counts be- 
fore and after heat-shocking indicated a 
significantly greater percentage survival of 
the 37.2° culture. The fermentation rate 
at 37.2° of the high -temperature culture 
after heat-shocking was less than that of the 
24.3° culture, although the order was re- 
versed if the organisms were incubated at 
37.2° without heat-shocking. The final 
acidity after heating and incubation, how- 
ever, was similar in both cases. The data 
indicate a relatively greater decrease of 
enzymatic activity in cells of the 37.2° cul- 
ture on heat-shocking. This might be of 
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significance in the preparation of starters 
for Swiss cheese manufacture. 

It is evident that measurement of heat 
resistance by different methods may give 
conflicting results. The apparent resis- 
tance indicated by the degree of activity 
after heating is at least as significant as that 
indicated by the decrease in the numbers of 
viable cells on heating. 

Observations on Some Soil Cytophagas. 

W, H, Fuller and A. G. Norman^ Iowa 

State College. 

The aerobic mesophilic cellulose bacteria 
are less specialized than has been thought. 
Even among the cytophagas considerable 
variability and versatility exists. 

Three cytophaga cultures, apparently 
identical with Spirochaeta cytophaga^ were 
separately inoculated into cornstalk cellu- 
lose suspensions. The xylan present was 
preferentially attacked and the presence of 
xylan appeared to render more extensive the 
utilization of the remainder of the cellulosic 
material. 

Several other organisms identical with 
the above in morphology, mode of locomo- 
tion, and microcyst formation but physio- 
logically considerably less specific have been 
isolated from soil. One, which does not 
form microcysts, grows feebly on filter paper 
but develops vigorously on a wide variety 
of simple carbohydrates. Some are even 
incapable of growth on filter paper, but 
freely use starch and simple sugars. Two 
such have been isolated and both are mor- 
phologically identical with cellulose utiliz- 
ing forms. 

The soil cytophagas are morphologically 
distinctive and should be separated from 
other bacteria in any system of classifica- 
tion. However, they exhibit such versa- 
tility in physiological characteristics that 
the inclusion of the requirement ^'incapable 
of using carbonaceous materials as food, 
except cellulose, which is hydrolyzed'' in 
the genus description, cannot be accepted. 

Hydroxylamine as an Inhibitor for 

Oxidations by Azotobacter. J. B. 

Wilson and P. W, Wilsony Department of 

Agricultural Bacteriology, University of 

Wisconsin, Madison, Wisconsin. 

Inhibitors have been used to study the 


mechanism of the Knallgas reaction (oxida- 
tion of molecular hydrogen) by Azotobacter, 
Our findings concerning one of these in- 
hibitors, hydroxylamine, have been of 
particular interest because of the observa- 
tions by Kubo (Acta Phytochimica, 1937, 
10: 219-238) that this reagent inhibited 
nitrogen fixation by Azotobacter. Kubo's 
evidence for this consisted of manometric 
studies with mannitol as the substrate. 
Using a gas phase of nitrogen and oxygen, he 
observed that hydroxylamine inhibited gas 
uptake; whereas, if hydrogen and oxygen 
were used, hydroxylamine would not in- 
hibit gas uptake. 

Our findings indicate that hydroxylamine 
inhibits the oxidation of organic substrates, 
but does not inhibit the oxidation of hydro- 
gen. It appears, therefore, that Kubo's 
observations can be explained on the basis 
of the inhibition by hydroxylamine of man- 
nitol oxidation and non -inhibition of the 
Knallgas reaction. 

Pyruvic Acid Dissimilation by Cell- 
Free Clostridium Butylicum Prepara- 
tions. H, J. Koepsell and Marvin J. 
Johnson, University of Wisconsin. 
Preparations obtained by low-tempera- 
ture vacuum drying of water extracts of 
frozen Clostridium butylicum cells convert 
pyruvic acid quantitatively into acetic 
acid, carbon dioxide, and molecular hydro- 
gen. Since the preparations have no hy- 
drogenlyase activity, formic acid cannot 
be a precursor of the gases. The reaction 
is most rapid at pH 6.5, where Qhi values 
of 60 are obtained. The reaction rate is 
increased as much as 5-fold by the addition 
of rat or pork liver kochsaft. Cocarboxyl- 
ase, Coenzymes 1 and II, adenine, flavine 
dinucleotide, riboflavine, adenylic acid, 
magnesium and manganese will not replace 
the kochsaft. 

Inorganic phosphate is necessary for the 
reaction. At phosphate concentrations be- 
low 0.02 M the reaction rate is proportional 
to the phosphate concentration. No stable 
phosphorylation product accumulates. 

Fixation of COi by a Cell-Free Extract 
OF Escherichia coli. George Kalnitsky 
and C. H, Werkman, Iowa State College, 
Ames, Iowa. 



PROCEEDINGS OF LOCAL BRANCHES 


257 


An active, cell -free enzyme preparation 
has been obtained from Escherichia coliy by 
grinding the organisms with powdered glass 
and extracting with phosphate buffer. Py- 
ruvate is dissimilated anaerobically to 
acetic, formic, and succinic acids, carbon 
dioxide and a trace of lactic acid. No hy- 
drogen is formed. Reaction proceeds at 
pH range of 6.4 to 7.0; with the optimum at 
pH 6.8. 

The preparation contains strong formic 
dehydrogenase and hydrogenase activity as 
determined by methylene-blue reduction. 
Oxalacetate and fumarate are reduced in an 
atmosphere of hydrogen. No hydrogen- 
lyase activity is present. In an atmosphere 
of 10% CO 2 in H 2 with bicarbonate present, 
CO 2 is fixed, and succinate is formed in 
amount corresponding quantitatively to 
the CO 2 uptake. 

0^*02 was fixed in formic and succinic 
acids. The amount of in formic acid 
suggests that most of it was formed from 
carbon of pyruvic acid and not by reduction 
of CO 2 . The formation of succinic acid 
from pyruvate and CO 2 with in the 
carboxyl groups is of particular interest be- 
cause it shows that one can obtain fixation 
of CO 2 with formation of a carbon to carbon 
linkage, with a cell -free enzyme system. 
This offers opportunity for isolation of the 
enzyme concerned. 

Fixation of Heavy Carbon Acetalde- 
hyde BY Active Juices. Noel H. Gross, 
H. G. Wood, and C. H. Workman, Iowa 
State College, Ames, Iowa. 

The mechanism of acetylmethylcarbinol 
formation has been a controversial question 
for some time. Silverman and Workman 
(1940) working with juices prepared from 
Aerohacter aerogenes, did not find any utili- 
zation of acetaldehyde, and therefore 
concluded that acetaldehyde did not parti- 
cipate in the formation of acetylmethyl- 
carbinol. Green et al, (1942) observed, 
with yeast or heart muscle preparation, an 
increase in acetylmethylcarbinol production 
when acetaldehyde was added to the py- 
ruvate fermentation and found that other 
homologous aldehydes gave analogous 
ketols. 

The experiments of the above investi- 
gators were repeated using heavy carbon 


acetaldehyde synthesized by a modification 
of the method of Cramer and Kistiakow- 
sky (1941). 

The fermentation mixtures contained the 
enzyme preparation, pyruvate, phosphate 
buffer and heavy carbon aldehyde. 

The investigations of both Silverman and 
Werkman, and those of Green et al. have 
been confirmed. There was no fixation of 
heavy carbon aldehyde by the bacterial 
juice; all of the heavy carbon was found in 
the recovered aldehyde. The yeast juice, 
however, fixed heavy carbon aldehyde in 
acetylmethylcarbinol . 

Bacterial Oxidation of 2,3-Butylenb 
Glycol. David Parelsky, H. G. Wood, 
and C. H. Werkman, Bacteriology Section, 
Iowa Agricultural Experiment Station, 
Ames. 

The oxidation of 2,3-butylene glycol by 
cell suspensions of Aerohacter indologenes 
was investigated. There is an initial rapid 
rate of oxidation followed by a sharp de- 
crease; the reaction stops completely within 
3-4 hours. 

Assuming a simple oxidation to acetyl- 
methylcarbinol, only a fraction of the 
theoretical quantity of oxygen is taken up. 
The addition of NH 2 OH permits the reac- 
tion to go to completion with utilization of 
100 per cent of the theoretical oxygen. No 
CO 2 is formed. 

Cyanide, azide, iodoacetate, and arsenite 
are inhibitory in the order given. Cyanide 
(.OIM) gave a 100% inhibition; arsenite 
(.OIM) gave 7%. Variation of pH within a 
range of 5.46-6.6 has little effect on the re- 
action, whereas an increase in concentration 
of organisms tends to force the reaction 
toward acetylmethylcarbinol. 

Acetylmethylcarbinol inhibits the reac- 
tion, and its accumulation is perhaps re- 
sponsible for the cessation of the oxidation 
of 2,3-butylene glycol. 

A Fermentation Vessel for Thermogenic 
Studies with Pure Culture. W. V. 
Bartholomew and A. G. Norman, Iowa 
State College. 

The evolution of heat which accompanies 
the aerobic decomposition of plant materials 
has been studied in an adiabatic apparatus. 
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which has recently been improved by the 
replacement of the central decomposition 
vessel by one of new design permitting the 
use of pure cultures. The vessel is sus- 
pended by three glass tubes from the lid of 
a pressure cooker, which in turn is sub- 
merged in a bath the temperature of which 
is controlled by the decomposing material. 
Access to the vessel is provided by a re- 


movable bottom plate through which an air 
inlet tube passes. After sterilization the 
vessel is attached to the lid of the pressure 
cooker and sterile thermocouples for tem- 
perature measurement and control inserted 
down two of the glass tubes. The third 
serves as an outlet for the air stream. The 
system is fully insulated and can be oper- 
ated without contamination. 


OHIO BRANCH 
Columbus, Ohio, May 9, 1942 


Spontaneous and Experimental Infec- 
tions IN Vitamin-B Deficient Monkeys. 
Samuel SaslaWj John L. Schwab, Oram C. 
Woolpert, and Henry E. Wilson, Depart- 
ment of Bacteriology, Ohio State Uni- 
versity, Columbus, Ohio. 

Inactivation of Myxoma Virus by Heat. 
L. H. Bronson, Jr., and R. F. Parker, 
Western Reserve Medical School, Western 
Reserve University, Cleveland, Ohio. 
The virus of infectious myxomatosis of 
rabbits (in the form of elementary bodies 
suspended in normal serum) was exposed to 
heat of varying degree for predetermined 
intervals of time. It was found that at each 
temperature the rate of inactivation of 
virus was constant. With increase of 
temperature, the rate of inactivation in- 
creased regularly: when the logarithm of k 
was plotted against the temperature the 
points fell on a straight line. 

Poliomyelitis in Cuyahoga County, 
Ohio, in 1942. M, Kramer, J , A. Toomey, 
H. J. Knapp, and J. A. Doull, Western 
Reserve University, Cleveland, Ohio. 

Methods of Quantitative Estimation of 
Air-Borne Bacteria in Rooms and 
Incubators. A. R. Winter and G. F, 
Godfrey, Department of Poultry Hus- 
bandry, Ohio State University, Colum- 
bus, Ohio. 

A quantitative study of the bacteria in air 
has been made for the purpose of determin- 
ing the efficiency of germicidal lights for 
reducing bacteria in the air of incubators, 
battery rooms, and food storage rooms. 
The slit sampler (Bourdillon, et, al. : J. Hyg., 


41, 197, 1941) and the bubbler pump 
(Wheeler, et. aZ.: Sci., 94, 445, 1941) methods 
were compared for this purpose. Air was 
drawn through the apparatus by a suction 
pump and measured by a gas meter used for 
calorimetry work. 

Higher counts were obtained in most cases 
by the bubbler pump method than by the 
slit sampler. This may be due to the fact 
that the bubbling would have a tendency to 
separate bacteria from particles carrying 
them, whereas the sticking of the particles 
to the agar in the slit sampler would not 
result in separation. Determinations are 
easier to make with the slit sampler than 
with the bubbler pump and the chances of 
contamination are less. The slit sampler 
is satisfactory for determining dust particles 
and bacteria in the air of incubators, battery 
rooms, and food storage rooms. 

Machine-Rolled Stoppers for Culture 

Tubes. Harold W. Bachelor, Ohio Agri- 
cultural Experiment Station, Wooster, 

Ohio. 

A simple lathe has been constructed which 
permits the rapid rolling of stoppers for cul- 
ture tubes. The stoppers can be made of 
any fibrous material including absorbent 
and non -absorbent cotton, glass wool, etc. 
They may be made to any desired dimen- 
sion, with straight sides or with tapered 
sides to fit unselected tubes of varying di- 
ameters. They may be made solid for use 
with routine cultures or hollow for use with 
pipettes. The stoppers possess a definite 
structure because they are machine rolled 
and may be used repeatedly. The use of 
the lathe and of its products is demon- 
strated. 
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Nutritional Requirements for Growth 
OF Leuconostoc Mesenteroides. Sid ‘ 
ney Gaines and Grant L, Stahly^ Depart- 
ment of Bacteriology, Ohio State Uni- 
versity, Columbus, Ohio. 

Using a medium consisting of acid-hy- 
drolyzed vitamin-free casein, sodium ace- 
tate, glucose, cystine -hydrochloride, tryp- 
tophane, and six inorganic salts, the vitamin 
requirements of Leuconostoc mesenteroides 
were investigated. It was found that nico- 
tinic acid, thiamin, pyridoxin, and panto- 
thenic acid had to be supplied to the basal 
medium before growth of this organism 
occurred. Due to the fact that traces of 
biotin were present in some of the constit- 
uents of the medium, growth of L. mesen- 
teroides was secured when this vitamin was 
not added as a supplement. Previous work 
with biotin concentrates had indicated that 
this organism required biotin for growth. 
The procedure of avidin inactivation of 
biotin demonstrated that biotin had to be 
incorporated in the basal medium before 
growth of L. mesenteroides occurred even 
though all other necessary factors were 
present. 

Several purine and pyrimidine bases, 
namely, guanine, uracil, adenine, and 
xanthine were tested for their growth -pro- 
moting or stimulating ability, but were 
found to be without effect on our strain of 
L. mesenteroides. 

Vaccine Prophylaxis against Tularemia 
in Man. Foshay^ L., Hesselhrock, W. //., 
Wittenberg, II. J ., and Rodenherg, A. H., 
Department of Bacteriology, College of 
Medicine, University of Cincinnati, and 
the Cincinnati General Hospital, and the 
Health Center, Department of Health, 
City of Cincinnati. 

Over an eight-year period 2145 persons 
received prophylactic vaccination against 
tularemia. For initial vaccination three 
i ml. doses were given on either consecutive 
or alternate days. The vaccine used was 
oxidized by nitrous acid. 

Evidence for antigenicity of the vaccine 
w^as obtained by agglutination tests per- 
formed with serums from vaccinated in- 
dividuals obtained after vaccination, after 
re vaccination, and one year after vaccina- 
tion. Revaccination provoked titers that 


were lower than those seen after initial vac- 
cination, although re vaccina ted persons 
were better protected. 

During the nine-year period of study there 
were 14 cases with no deaths among 2145 
vaccinated persons while there were 357 
cases and 27 deaths in the general popula- 
tion from which the experimental group was 
derived. The authors point out that no 
inference can be drawn as to the relative 
degree of protection conferred in the vac- 
cinated group since the number of exposed 
individuals in the general population group 
is unknown. More convincing evidence of 
protection was obtained from a study of 
vaccinated individuals who acquired tulare- 
mia. There was striking amelioration of all 
measurable aspects of the disease such as 
duration of disability, fever, adenopathy 
bed -ridden period, and length of disease. 

Immunologic Specificity op a Histamine - 

Azo-Protein Conjugate. Sanford B. 

Rosenman and W. A. Starin, Department 

of Bacteriology, Ohio State University, 

Columbus. 

During a study of the efficacy of histamine 
compounds, and their respective antiserums 
in the prevention of anaphylactic shock, we 
have synthesized the p-aminobenzoyl de- 
rivative of the amine. Following diazotiza- 
tion the compound was combined with 
various serums (human, horse and bovine). 
The resultant product resembled the his- 
tamine-azo-protein described recently by 
Sheldon, Fell, et. al.\ the antigen of the 
latter workers was coupled to despeciated 
horse-serum globulin. Prolonged immuni- 
zation of rabbits resulted in the production 
of relatively low titer serum as demon- 
strated by the presence of precipitins by the 
ordinary ring test method and by the collo- 
dion agglutination technic. Cross reac- 
tions occurred when the test antigen con- 
sisted of the haptene coupled to other 
proteins. The precipitation reactions were 
inhibited partially or completely by the 
addition of p-aminobenzoylhistamine to the 
immune serum. The fact that the protein 
had not been completely altered was dem- 
onstrated by the cross reactions which oc- 
curred with the native serum. Specific 
complement-fixing antibodies were also 
shown to be present. 
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CENTRAL NEW YORK BRANCH 
Cornell University, May 16, 1942 


Factors Affecting the Production of 
Formic Acid by Streptococci. /. C. 
GumaltLS and C. F. Niven, Jr,, College of 
Agriculture, Cornell University, Ithaca, 
N. Y. 

Data which came to our attention sug- 
gested the possibility of a relationship be- 
tween the reaction and the yield of volatile 
acids during the fermentation of glucose by 
homofermentative streptococci. 

To determine whether this were the case, 
fermentation balances at different reactions 
were run on growing cultures of Strepto- 
coccus liquefaciens in a tryptone, yeast ex- 
tract, phosphate-buffered medium contain- 
ing glucose as the fermentable substrate. 

When the reaction during fermentation 
was held to a pH of approximately 5, the 
lactic acid formed accounted for over 90 
per cent of the glucose fermented. Only 
traces of volatile acids were produced. On 
the other hand, when the fermentation oc- 
curred at pH 9.0, the lactic acid accounted 
for 60 per cent or less of the glucose fer- 
mented while formic and acetic acids and 
ethyl alcohol, in the molecular ratio of 
2:1:1, accounted for about 30 per cent. At 
reactions intermediate between pH 5 and 
pH 9 the proportion of lactic acid and vola- 
tile products varied between these limits. 
A sharp decrease in the volatile products 
occurred below pH 6.5. 

The concentration of protein in the me- 
dium has a definite, though slight, effect on 
the yield of volatile acids. 

The Nutritive Requirements of the 
“V iRiDANs’* Streptococci with Special 
Reference to Streptococcus Sali- 
VARius. C. F. Niven, Jr. and K. L. 
Smiley, College of Agriculture, Cornell 
University, Ithaca, N. Y. 

A medium consisting of chemically de- 
fined components has been devised which 
will support growth of Streptococcus sali- 
varius for an indefinite number of transfers. 
The simplest medium contained the follow- 
ing substances: inorganic salts, glucose and 
sodium thioglycolate; d-glutamic acid, dl- 
leucine, dl -iso-leucine, d-arginine, dl-lysine, 
dl -methionine, 1-tyrosine; riboflavin, nico- 


tinic acid, calcium pantothenate, thiamin 
and biotin methyl ester. Uracil, though 
not essential, was found to increase the rate 
of growth to such an extent that maximal 
growth was obtained within 24 hours. 

The vitamin requirements for Strepto- 
coccus salivarius differ from those of Lance- 
field groups B and D, reported by Woolley 
and Hutchings, in that Streptococcus sali- 
varius requires nicotinic acid, thiamin, and 
biotin, and does not need vitamin B®. 
Tryptophane, an indispensable amino acid 
for group D organisms, was not needed by 
Streptococcus salivarius. 

Several members of each of the recognized 
species and serological groups of strepto- 
cocci were tested for growth in the synthetic 
medium described above. None was found 
to be able to initiate growth in the medium 
except two strains of Streptococcus bovis. 
Upon investigation of the vitamin require- 
ments of one of these, it was found that only 
thiamin, nicotinic acid, and biotin were 
needed; riboflavin was not required. 

Nasopharyngeal Cultures in the Diag- 
nosis OF Whooping Cough. Anne M. 
Brooks and W, L. Bradford, University of 
Rochester, School of Medicine and Den- 
tistry, Rochester, N Y. 

The bacteriological diagnosis of whooping 
cough is usually made by the cough-plate 
method. In young children, it is difficult 
to obtain satisfactory plates, since the 
cough is frequently more “hacking*^ than 
paroxysmal. In these cases, a method of 
nasopharyngeal culture has proved useful. 

A flexible, cotton-tipped wire is inserted 
far back into the nasopharynx through the 
naris. The swab is then streaked on 
Bordet-Gengou medium, and the plate is 
examined for Hemophilus pertussis after a 
48-hour incubation. 

When the swab cannot be streaked imme- 
diately it is stored in a rubber-stoppered 
test-tube containing a piece of dampened 
rubber sponge. H, pertussis survives for 
as long as 48 hours under these conditions. 

In children less than three years old, the 
nasopharyngeal culture was positive for H, 
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pertu88i8 in 57.5 per cent of 106 cultures; 
the cough-plate, in only 25.5 per cent. 

With children of all ages and at all weeks 
of the disease, 61 per cent of 248 primary 
nasopharyngeal cultures were positive in 
contrast to 37 per cent of 157 primary cough- 
plate cultures. 

Of 248 cases of whooping cough, 85 per 
cent were diagnosed bacteriologically by 
either single or repeated nasopharyngeal 
cultures. 

The Role of p-Aminobenzoate in Experi- 
mentally Developed Sulfanilamide- 
Fastness IN THE Gonococcus. H. E, 
StokingeVy R. C. Charle8, and C. M. Car- 
penter, and C. M. Carpenter, University 
of Rochester School of Medicine and 
Dentistry, Rochester, N. Y. 
p-Aminobenzoate (PAB), in addition to 
being a growth stimulant for certain bac- 
teria, exerts pronounced antisulfonamide 
activity. These facts suggested that sul- 
fanilamide-resistance of bacteria might 
depend upon increased formation of PAB. 

Analyses for substances of the type of 
PAB (primary aromatic amines) were made 
on broth cultures of four experimentally de- 
veloped sulfanilamide-fast strains of the 
gonococcus and of the corresponding non- 
resistant parent strains. The analytical 
method consisted in diazotization, followed 
by coupling with thymol to produce colored 
derivatives. The results indicated that the 
sulfanilamide-fast variants produced in- 
creased amounts of PAB or related sub- 
stances. On the other hand, addition to 
the medium of azochloramid, an inhibitor 
of the antisulfonamide activity of PAB, 
failed to lower the resistance of the drug- 
fast strains to sulfanilamide. Assuming 
that any PAB present was available to the 
action of azochloramid, the latter result 
indicated that PAB was not involved in 
sulfanilamide-fastness in the gonococcus. 

Data were also obtained on the growth- 
stimulating and antisulfanilamide effects 
on the gonococcus, of PAB and the nar- 
cotics, procaine and urethane. PAB was 
the most potent in both respects. Procaine , 
closely related chemically to PAB and 
sulfanilamide, exerted greater antisulfanil- 
amide activity than urethane, but approxi- 
mately equal growth -stimulating action. 


An Azolitmin-likb Pigment Produced by 
Certain Actinomycbtes. Jean E. Conn, 
New York State Agricultural Experiment 
Station, Geneva, N. Y. 

In a paper presented at an earlier meeting 
(Conn and Conn, J. Bact., 39, 21, 1940), 
mention was made of several strains of 
Actinomycetes, which possessed pigments 
having indicator properties. A further 
study of two of these species has yielded 
data indicating that the pigment produced 
by them, when extracted with dilute NaOH, 
bears a close resemblance to azolitmin, 
which has always been regarded as the ac- 
tive principle of litmus. The superficial 
appearance of the two is very similar, since 
both are blue in an alkaline solution, turn- 
ing red and precipitating when acid is 
added. To pursue this point further, 
absorption curves have been made for both 
the pigment and azolitmin at different pH- 
values. These curves show a marked 
resemblance in their absorption maxima, 
especially in alkaline solution. 

Since litmus is no longer available, an 
extensive search is being made for a sub- 
stitute, which can be used in milk. Syn- 
thetic azolitmin has been prepared, but has 
not as yet proved satisfactory. Experi- 
ments are now under way to determine 
whether the pigment produced by these 
Actinomycetee can possibly be used as a 
substitute for litmus. 

Variations op the Standard Curve in 
THE Microbiological Assay of Ribo- 
flavin. F. W. Tanner, Jr., N. Y. State 
Agricultural Experiment Station, Geneva. 

The Riboflavin Requirements of Cer- 
tain Strains of Lactic-Acid-Producing 
Organisms. Thresea E. Campbell, N. Y. 
State Agricultural Experiment Station, 
Geneva. 

Effects op Azochloramid and Sulfon- 
amides IN Localized Infections of Man. 
Erwin Neter, University of Buffalo and 
Children’s Hospital, Buffalo, N. Y. 

The synergistic antibacterial action of 
sulfonamides and azochloramid in vitro, and 
the observation of Schmelkes and Wyss of 
an inhibitory action of azochloramid upon 
para-aminobenzoic acid (antisulfonamide) 
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prompted a study on the effects of these 
compounds in human infections. A case of 
wound infection, caused by a hemolytic, 
coagulase-positive strain of Staphylococcus 
aureus f was unsuccessfully treated with 
sulfanilamide ointment, sulfathiazol oint- 
ment, sulfathiazol by mouth, and sulfadi- 
azine powder locally. Application of azo- 
chloramid-sulfanilamide solution resulted 
in the disappearance of the staphylococcus, 
even for 8 days after this treatment was 
discontinued. Later, staphylococci were 
again recovered. In a case of empyema 
caused by Streptococcus kemolyticuSt treat- 
ment by mouth with sulfadiazine and sul- 
fanilamide failed to reduce the number of 
viable streptococci. The exudate con- 
tained approximately 5,000,000 streptococci 
per ml., despite the presence of free sulfanil- 
amide in concentrations ranging from 9.2 
to 12.65 mg. per cent. Intrapleural ad- 
ministration of azochloramid-sulfanilamide 
solution reduced the number of viable 
streptococci to 2,400 per ml. within 24 hours. 
From then on, the number of streptococci 
decreased steadily and, following a second 
injection of the azochloramid-sulfanilamide 
solution, the fluid became permanently 
sterile. The possible applications of the 
synergistic action of azochloramid and sul- 
fonamides are discussed. 

Application op Legume Bacteria to 
Chemically Treated Pea Seed. A. W, 
Hofer and G. L. McNew, New York State 
Agricultural Experiment Station, Ge- 
neva, N. Y. 

In recent years, it has been found that 


seed decay of certain vegetables could be 
greatly lessened by chemical treatment of 
the seed previous to planting. The com- 
pounds used for this purpose are cuprous 
oxide, organic mercury compounds, and 
tetrachloroparabenzoquinone (commerci- 
ally designated as Spergon) . Treatment of 
seed of legumes such as peas, with which 
the use of chemicals has been most suc- 
cessful, raises a serious question in regard 
to inoculation of such seed with nodule 
bacteria. 

A series of laboratory and greenhouse 
tests has been made to determine the effect 
of the different protectants on the nodule 
organism for peas. All of the seed protec- 
tants were found to be lethal in concen- 
trated dosage, but sufficient bacteria 
survived for 30 minutes on Spergon-treated 
seed to produce effective inoculation. The 
other protectants destroyed practically all 
cells of Rhizohium leguminosarum, as shown 
by dilutions of washings from the seed, and 
by nodulation of plants in the greenhouse. 

Inoculation of Spergon-treated seed was 
most successful when low concentrations of 
chemical (1-lJ oz. per bu. of seed) were 
used, and the number of bacteria was in- 
creased beyond the recommended dosage. 
Further tests are in progress to determine 
whether successful inoculation of Spergon- 
treated seed can also be secured under field 
conditions. 

The Composition of Gas from Experi- 
mental Silos. /. K. Wilson, Depart- 
ment of Agronomy, Cornell University, 
Ithaca. 


MARYLAND BRANCH 
Baltimore, June 4, 1942 


Intramammary Injection of Homogen- 
ized Oil-Sulfanilamide in the Treat- 
ment of Bovine Mastitis. J. C. Kaka- 
VOS, Department of Bacteriology and 
Hygiene, University of Delaware, New- 
ark, Delaware. 

The oral administration of sulfanilamide 
has been unsuccessful for the treatment of 
bovine mastitis. However, when sulfanil- 
amide is injected in large amounts directly 
into the udder through the teat canal, the 
mastitis streptococci are readily destroyed 


in the mammary tissue. It was found that 
sulfanilamide could be introduced into the 
udder of a cow very readily by properly 
suspending the drug in light liquid petrola- 
tum. One pound of sulfanilamide is added 
to 900 cm> of light liquid petrolatum and 
mixed thoroughly by means of a mechanical 
mixer. The mixture is then passed through 
a homogenizer, resulting in a thin uniform 
creamy suspension which remains stable. 
One ml. of the homogenized oil-sulfanil- 
amide contains 0.378 gram of sulfanilamide. 
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In streptococcic mastitis the dosage 
recommended for an average size udder is 
40 cm’ of the homogenized product given 
daily for four days. If the infection per- 
sists, the treatment may be repeated with 
safety. In staphylococcic mastitis the dose 
recommended is 80 cm* of the product given 
daily for four days and repeated if indicated. 
The homogenized oil -sulfanilamide, as used 
in these experiments was well tolerated and 
no contra-indications have been manifested 
in the cases treated. There was no appreci- 
able decrease in milk production during or 


after treatment. One hundred and three 
cows were treated for streptococcic mastitis 
by intramammary injections with homo- 
genized oil -sulfanilamide. One hundred of 
these were infected with Streptococcus 
agalactiae and three with Streptococcus 
uberis. Based on bacteriological findings, 
cures were effected in 92 cows or 89.3 per 
cent, and partial or no improvement in 11 
cows or 10.7 per cent. Breaking down the 
results into quarters treated, of the total 
265 quarters, 251 or 94.7 per cent were cured, 
and 14 or 5.3 per cent were not cured. 




THE ISOLATION AND ABSORPTION SPECTRUM MAXIMA OF 
BACTERIAL CAROTENOID PIGMENTS 

BEN SOBIN AND GRANT L. STAHLY 
Department of Bacteriology ^ Ohio State University ^ Columbus 

Received for publication November 13, 1941 

The production of pigments by bacteria has attracted attention from the begin- 
ning of the study of bacteriology, possibly because the presence of pigment is 
one of the characteristics of microorganisms which is most readily observed. 
In recent years special emphasis has been placed on the chemical nature of the 
pigments and on their probable r61es in the metabolism of bacterial cells. 

The bacterial pigments whose chemical structures have been determined fall 
into four main groups (White, 1939). Prodigiosin, the red pigment of Serratia 
marcescensy is a pyrrole derivative. Pyocyanin, the dark blue pigment of 
Pseudomonas aeruginosa, was the first phenazine derivative to be found in nature. 
Phthiocol, isolated from the tubercle bacillus, is a naphthaquinone derivative. 
However, the largest group of bacterial pigments belongs to the class of com- 
pounds known as carotenoids. Most yellow, orange, and red pigmented bac- 
teria contain carotenoids. This interesting group of compounds occurs exten- 
sively throughout both the plant and the animal kingdoms. In the plant world 
the carotenoids are present in forms ranging from bacteria to the highest plants. 
Similarly, in the animal kingdom we find these compounds in many forms of 
both invertebrates and vertebrates. 

Research on the carotenoids in plants and animals has resulted in the develop- 
ment of techniques whereby these compounds can be separated and identified. 
Because of the ease of obtaining large amounts of material, considerable knowl- 
edge of the carotenoids in plants has been gained as evidenced by such mono- 
graphs as those of Palmer (1922) and Strain (1938). The investigation of the 
carotenoids present in bacteria has lagged, possibly, because of the greater 
difficulties of obtaining sufficient material. 

The presence of carotenoids in bacteria was demonstrated by Zopf (1889) 
who designated this group of bacterial pigments, lipochromes, because of their 
solubility in the fat solvents. Later, Kligler (1914) and Krainsky (1914) 
demonstrated the widespread presence of carotenoid pigments in different species 
of bacteria. 

Only a few of the large number of bacteria known to contain carotenoids have 
been subjected to pigment identification. Reader (1925) found beta-carotene 
and lycopene in Sardna aurantiaca and a hitherto unreported pigment, which 
she named coralin, in Streptoihrix corallinus, Chargaff and Dieryck (1932) 
reported the presence of a xanthophyll and a hydrocarbon, wliich they called 
sarcinene, in Sardna lutea; Nakamura (1936) found a xanthophyll ester in this 
bacterium. Chargaff (1933) found zeaxanthin to be the only pigment in Staphy- 
lococcus aureus and differed with Reader (1925) in reporting beta-carotene and 
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zeaxanthin in Sarcina aurantiaca, Chargaff (1933) isolated beta- and gamma- 
carotenes and Ingraham and Steenbock (1935) isolated alpha- and beta- 
carotenes, cryptoxanthin, and esters of lutein, zeaxanthin, and azafrin from 
Mycobacterium phlei. Two additional acid-fast bacteria were studied by 
Chargaff and Lederer (1935). Bacillus lombardo-pelligrini contained beta- 
and gamma-carotenes and the bacillus of Grassberger was found to contain beta- 
and gamma-carotenes, and lycopene. 

The carotenoid pigments in some purple sulphur bacteria were investigated 
by Karrer and Solmssen (1936). Rhodoviolascin, rhodopin, rhodopurpurin, 
flavorhodin, and rhodovibrin were isolated and described briefly. Probably 
most of these pigments are limited in their occurrence to the sulphur bacteria. 

A carotenoid pigment named spirillo-xanthin was isolated from Spirillum 
rubrum by van Niel and Smith (1935). Leprotin, a carotinoid hydrocarbon, was 
found by Grundmann and Takeda (1937) in an acid-fast bacterium isolated from 
a leprous lesion. 

The carotenoid pigments most commonly found in bacteria belong to the 
following groups: (1) hydrocarbons, such as beta-carotene; (2) alcohols, such as 
xanthophyll; (3) esters; and (4) carotenoid acids. 

It is clear that more information is desirable concerning the chemical nature of 
the bacterial carotenoid pigments. Such knowledge would be an aid in the 
solution of fundamental problems, such as the role of these pigments in bacterial 
metabolism. Although the structure and certain other characteristics of some 
of these pigments have been established, data on other pigments are lacking. 
The isolation and spectrometric analysis of the carotenoids are basic preliminary 
steps in their investigation. An aspect of the present study has been the adapta- 
tion of the methods used for the separation and identification of the carotenoid 
pigments of higher plants to the bacterial carotenoids. Absorption spectrum 
maxima have been determined and compared with those recorded in the litera- 
ture for similar pigments. Complete identification of the pigments which were 
isolated is not claimed but pertinent data are presented. 

MATERIALS AND METHODS 

Cultivation of the bacteria. The pigmented bacteria were grown on nutrient 
agar containing two per cent glycerol and adjusted to pH 7.2. Inoculations 
were made by spraying the surface of the medium with a twenty-four-hour 
broth culture, using an atomizer through which sterile air was passed. Sixteen- 
ounce French square bottles were used for culturing the bacteria. After in- 
cubation for one week at room temperature, the cells were removed by the ad- 
dition of a 70 per cent aqueous solution of acetone and the scraping of the surface 
with a glass rod bent at a right angle. Water was not used because it frequently 
forms a hydrophilic suspension with the cells from which the latter are removed 
with difficulty. The pigments were not extracted by the aqueous acetone and 
the bacterial cells were separated by centrifugation. 

Extraction of pigments. Kuhn and Brockmann (1932) employed absolute 
methanol for extracting the carotenoid pigments from finely divided plant 
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material. The present investigators found that cold methanol was effective 
in extracting the carotenoids from moist bacterial cells when the mixture was 
ground with an abrasive such as alundum. A convenient method of extraction 
involved the addition of 50 ml. of methanol to approximately one gram of moist 
bacterial cells and the placing of the container in hot water to bring the methanol 
to the boiling point quickly. The pigments were extracted in a few minutes. 
The solution was then cooled and the cells removed by centrifugation. The 
short exposure to an increased temperature was found to produce no injurious 
effects on the pigments. 

Separation of types of pigments. The methanol extract then was subjected to 
partition between immiscible solvents to separate the various types of carot- 
enoid pigment. A modification of the method of Kuhn and Brockmann (1932) 
is represented schematically in figure 1. 


Add water to the methanol extract to give an alcohol 
concentration of 90 per cent. Shake in separatory funnel 
with petroleum ether. 


Petroleum ether phase Methanol phase 


(Contains hydrocarbons and 
esters . ) Evaporate to dryness . 
Saponify with alcoholic po- 
tassium hydroxide. Add water 
to make alcohol concentration 
90 percent. Shake with pe- 
troleum ether. 


Petroleum ether Methanol 

phase phase 


(Contains alcohols and 
carotenoid acids.) Make 
alkaline, dilute with water, 
and shake with diethyl 
ether. I 


Ether Aqueous 

phase phase 


(Contains hydro- (Contains 

carbons.) freed alcohols.) 


(Contains Acidify and ex- 
alcohols.) tract free carot- 

enoid acids with 
diethyl ether. 


Fig. 1. Scheme of Separation of Bacterial Carotenoid Pigments 


The methanol extract was diluted with water to give an alcohol concentration 
of 90 per cent and then was shaken in a small separatory funnel with an equal 
volume of petroleum ether. The petroleum ether layer was drawn off and shaken 
several times with fresh portions of ninety per cent methanol. Similarly, the 
alcohol layer was shaken repeatedly with petroleum ether in order to insure a 
complete separation of the pigments. 

The petroleum ether layer was freed from water by shaking with saturated 
salt solution and standing over anhydrous sodium sulphate for half an hour, 
and then was evaporated to dryness under partial vacuum. The dried pigment 
may contain hydrocarbons and esters. Fifty milliliters of a two-and-one-half- 
per cent solution of potassium hydroxide in methanol was added and the solution 
was kept at 40®C. for three hours. Water was then added to give an alcohol 
concentration of 90 per cent and the solution was shaken in a separatory funnel 
with petroleum ether. 
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The petroleum ether layer was drawn off, washed repeatedly, freed from water, 
and evaporated to dryness under reduced pressure. The residue was taken up in 
petroleum ether and the individual hydrocarbons were then separated by chroma- 
tographic analysis. 

The freed carotenols in the alkaline methanol layer were forced into diethyl 
ether by the addition of half-saturated salt solution. The ether layer was washed 
with water until the washings were no longer alkaline to phenolphthalein, freed 
from water, and then evaporated to dryness under vacuum. 

The original methanol phase containing carotenols and carotenoid acids was 
made alkaline to litmus, diluted with water, and shaken with diethyl ether. 
The ether portion was washed, freed from water, and evaporated to dryness. 

If there are any carotenoid acids present, they remain in the aqueous phase in 
the form of their salts. The acids may be recovered by the addition of dilute 
hydrochloric acid and extraction with diethyl ether. 

The procedures just described cover all four of the main types of carotenoid 
pigments; certain steps are eliminated if partition tests reveal the absence of any 
of these groups. 

Chromatographic adsorption. After separation of the pigments into groups, 
the individual components in each group were separated by the chromatographic 
adsorption technic devised by Tswett (1906) and excellently described by Cook 
(1936). Zechmeister and Cholnoky (1937) have also presented a thorough 
description of chromatographic adsorption. 

Successful separation of the carotenoids is dependent on the selection of the 
proper adsorbent and solvent and on the careful preparation of the adsorption 
column. 

The choice of adsorbent and solvent depends largely upon the particular group 
of carotenoids to be separated. The hydrocarbons have a weak affinity for 
adsorbing substances; hence, a strongly adsorbing material must be employed. 
Strain (1938) recommended for the separation of leaf xanthophylls a mixture of 
a specially prepared magnesia^ with an equal amount of heat-treated siliceous 
earth^. Bacterial carotenols were too strongly adsorbed on this mixture but it 
proved to be entirely satisfactory for the separation of the carotenoid hydrocar- 
bons, when either petroleum ether or ethylene chloride was employed as the solvent. 

Calcium carbonate, activated by heating at 150®C. for five hours, followed by 
cooling in a vacuum desiccator, served well for the separation of the carotenoid 
alcohols. Petroleum ether and carbon disulphide are the solvents of choice for 
the carotenols. 

Calcium hydroxide and a mixture of aluminum oxide and siliceous earth were 
tested as absorbents but were found to be less satisfactory than those described. 

The adsorption column must be prepared carefully in order to insure satis- 
factory separation of the pigments. The adsorption device used in this investi- 

^ Micron Brand, magnesium oxide No. 2641, California Chemical Company, Newark, 
California. 

* Hyflo super cel F.A. 501, Johns-Manville Co., New York. 
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gation consisted of a glass tube, 15 cm. long and 15 mm. in diameter, sealed at one 
end to a tube of 6 mm. bore and approximately 8 cm. in length. The tube was 
supported in a vertical position by attachment to a vacuum flask. A wad of 
cotton was placed just above the constricted portion of the tube. The adsorbent 
was added in small portions, each of which was packed with a rod to which a 
metal disk, slightly smaller than the diameter of the tube, was attached. One 
of the solvents was poured onto the column and suction was used to test for the 
presence of cracks in the column. 

Certain precautionary measures must be observed in chromatographic ad- 
sorption. The pigments must be free of water before they are dissolved in the 
adsorbing solvent. Small amounts of moisture may be removed by adding 
benzene and evaporating in vacuo at 50°C. The presence of a trace of ethanol 
also interferes markedly with the adsorption. 

The pigment mixture was dissolved in about 10 ml. of solvent and the solution 
then was poured onto the adsorption column so that the latter was covered 
quickly. As the solution passed through the column the pigments formed a 
narrow band near the top. The column then was washed with fresh portions of 
pure solvent which caused the adsorbed pigments to move slowly through the 
adsorbent. If filtration is slow, gentle suction may be applied. The pigments 
are separated gradually into a series of bands each of which represents a distinct 
pigment. When several zones were present, continued washing with the solvent 
washed through those which were adsorbed weakly. The latter were collected 
separately in the suction flask. The zones remaining in the column were sep- 
arated mechanically and eluted with ethanol and then filtered from the adsor- 
bent, using a mat of siliceous earth. 

In addition to its use for the separation of similar pigments, chromatographic 
adsorption is useful for pigment identification. If a solution of an unknown 
pigment is mixed with that of a known pigment and adsorbed on a column, the 
formation of a single colored zone indicates that the two pigments are very similar 
or identical. The formation of two zones proves that the two pigments are not 
identical. Similarly, if two pigments found to possess identical or nearly identi- 
cal absorption maxima by spectrometric analysis are suspected of being the same 
pigment, they can be tested by mixing and adsorbing them on a column. The 
formation of a single band indicates their unity; the formation of two zones 
proves their dissimilarity. 

Spectrometric analysis. The carotenoid pigments are distinguished con- 
veniently by their absorption spectra. There are several instruments available 
for obtaining such spectra. In this investigation a Bausch and Lomb spectro- 
meter, equipped with a constant deviation prism of the Pellin-Broca type, was 
used. At a sufficiently low concentration of pigment, the bands of maximum 
absorption are symmetrical enough to allow one to determine the mean value of 
their boundaries by placing the crossed hairs of the instrument over the darkest 
portion of the band. The value so obtained was recorded as the absorption 
maximum for each band. 



270 


BEN SOBIN AND GRANT L. STAHLY 


The absorption spectrum maxima of the carotenoids were determined in 95 
per cent ethanol, in carbon disulphide, and in chloroform. 

A Baly tube was used for varying the amount of solution through which the 
light passed. A photographic flood lamp was used as the light source. The 
spectrometer was calibrated with the sodium D line and checked periodically 
with this standard. The absorption maxima obtained were compared with 
those recorded in the literature for various carotenoids dissolved in the same 
solvents. 

TABLE 1 

Bacterial cultures used 


NAME 


CULTURE 

NUMBER 


Flavohacterium arborescens . 

F. suaveolens 

F. esteroaromaticum 

F. sulphureum 

F. fecale 

Sarcina lutea 

S. flava 

S. aurantiaca 

Micrococcus luteus ... 

M, flavus 

Erwinia lathyri. 

E. ananas 

Bacterium mycoides 

Cellulomonas flavigena 
Staphylococcus aureus . ... 
Staphylococcus aureus 
Staphylococcus aureus 
Staphylococcus aureus 
Staphylococcus aureus 

Staphylococcus aureus 

Staphylococcus aureus 

Staphylococcus aureus 

Staphylococcus aureus . . 
Staphylococcus aureus . . 
Staphylococcus aureus .... 
Staphylococcus aureus . 


435 

958 

42.70 

8.40 

147 

146 

379 

400 


35.10 

482 

209 

610 

614 

615 

616 
617 
620 
626 
628 
628a 
628b 
628c 


SOURCE 


American Type Culture Collection 

American Type Culture Collection 

Cornell University 

Ohio State University 

Cornell University 

Ohio State University 

American Type Culture Collection 

American Type Culture Collection 

American Type Culture Collection 

American Type Culture Collection 

National Type Culture Collection, England 

Malaya — Dr. Perry Elrod 

Ohio State University 

American Type Culture Collection 

U.S.D.A. Phenol Coefficient Test Strain 


Food poisoning — Ohio State University 


Throat infection — Ohio State University 
Animal infection — Ohio State University 

Furuncle — Ohio State University 


Bacterial cultures. The pigmented bacteria used in this study are listed in 
table 1. 

EXPERIMENTAL 

The absorption maxima, as determined by spectrometric analysis, for 12 
different pigments are recorded in table 2. The pigments were isolated from 14 
different species of bacteria and consist of 7 carotenols and 5 hydrocarbons. No 
esters or carotenoid acids were isolated from these bacteria. The number of the 
pigments, as referred to in table 2, is arbitrary and is used to identify the several 
pigments. 
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Flavobacterium. Inspection of table 2 shows that the single carotenol pig- 
ments isolated from F. esteroaromaticuniy F. suaveohnSy and F,fecale had the same 
absorption spectrum maxima. Additional evidence for their identity was ob- 
tained by subjecting a mixture of the three pigments to chromatographic 
adsorption on a column of calcium carbonate. A single pigmented zone was 
obtained. A search of the literature failed to reveal any carotenol possessing the 
same absorption maxima as the pigment isolated from these three species of 
Flavobacterium, 


TABLE 2. 

Absorption maxima in different solvents of pigments isolated from various bacteria. 



TYPE OP 
CABOTENOID 

NO. OF 

COLOR AND ;'ONE 


ABSORPTION MAXIMA (MU) 


BACTEKIUH 

PIG- 

IN ADSORPTION 











liENT 

COLUMN 

CS2 

CHClj 1 

! CjHsOH 

Flavobacterxum esteroaromaticum. 

Alcohol 

1 

Orange 

453 

482 

513 

460 


488 

452 


482 

F. auaveolena 

Alcohol 

1 

Orange 

453 

483 

514 

459 


488 

451 


482 

F. fecale 

Alcohol 

1 

Orange 

453 

482 

513 

459 


488 

451 


483 

F. sulphureum 

Hydrocarbon 

2 

Yellow 

437 

466 

499 

451 


481 

440 


470 


Hydrocarbon 

3 

Zone 1 — orange 

465 

498 

536 

450 

480 

516 

440 

470 

503 


Hydrocarbon 

4 

Zone 2— red 

495 

530 

572 

477 

508 

546 

463 

494 

530 

F. arborescens . 

Hydrocarbon 

5 

Zone 3 — orange 

465 

500 

540 

450 

480 

515 

439 

469 

503 


Hydrocarbon 

2 

Zone 4 — yellow 

435 

465 

490 

450 


480 

439 


469 


Hydrocarbon 

6 

Zone 5 — orange 

465 

500 

540 

450 

480 

515 

439 

469 

503 

Saretna lutea | 

Alcohol 

7 

Zone l—yellow 

460 


496 

451 


480 

439 


470 

Alcohol 

8 

Zone 2-~yellow 

464 


499 

450 


480 

440 


470 

S. flava 

Alcohol 

7 

Yellow 

460 


495 

450 


480 

440 


470 

S. aurantxaea . 

Alcohol 

9 

Orange 

479 


514 

463 


498 

456 


487 

Micrococcus luteus .... 

Alcohol 

7 

Zone 1 — yellow 

460 


495 

451 


480 

440 


470 

Alcohol 

8 

Zone 2 — yellow 

465 


499 

450 


480 

440 


470 

M. fiavus 

Alcohol 

7 

Yellow 

459 


494 

449 


480 

439 


469 

Erwxnta lathyri 

Alcohol 

10 

Yellow 

478 


513 

458 


485 

452 


483 

E. ananas .... 

Alcohol 

11 

Yellow 

1 

474 


508 

460 


493 

450 


480 

Bacterium mycoides 

Alcohol 

12 

Red 

477 

508 

548 

454 

487 

521 

446 

474 

506 

Cdltdomonas fiavigena . . ^ 

Alcohol 

Alcohol 

7 

8 

Zone 1— yellow 
Zone 2 — yellow 

460 

464 


496 

499 

451 

450 


480 

480 

440 

440 


470 

470 


A single carotenoid hydrocarbon was obtained from F. sulphureum. A 
strongly adsorbed yellow zone was obtained with the specially prepared mag- 
nesium oxide mixture. Chargaff and Dieryck (1932) obtained a hydrocarbon 
from Sardna lutea which had the same absorption maxima when dissolved in 
petroleum ether as has this pigment. They named their pigment sarcinene. 
Whether the two pigments are identical is not certain since none of Chargafif’s 
pigment was available for chromatographic analysis. 

The delicacy of chromatographic adsorption is exemplified by the separation 
of the pigments of F. arborescens. Partition experiments showed the presence 
of hydrocarbons only. Five distinct zones were obtained on the magnesium 
oxide mixture when ethylene chloride was used as the solvent. The third and 
fifth zones had identical absorption maxima in the three solvents. The orange 
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pigment from the first zone was also very similar. The three zones, however, 
were separated from each other on the adsorption column by distinctly different 
pigments. When these three pigments were mixed and adsorbed on a column of 
magnesium oxide, three zones were obtained, thus indicating their individuality. 
Molisch (1914) obtained a pigment from a sulphur bacterium which he called 
alpha-bacteriopurpurin. He determined its absorption maxima in carbon 
disulphide only; the values were the same as those obtained for the red pigment 
from zone 2. Perhaps, the yellow pigment from the fourth zone is the sarcinene 
of Chargaff and Dieryck. 

When F. arborescens was grown on a medium containing glycerol or glucose, 
a red pigmentation was obtained; when grown on nutrient agar, an orange 
growth was produced. Pigment analysis, however, indicated only a quantita- 
tive difference; the same five hydrocarbons were identified. The amount of the 
red pigment was increased by growth on media containing glucose or glycerol. 

Sarcina, Two carotenoid alcohols were obtained from S. lutea. As noted 
before, Chargaff and Dieryck reported a hydrocarbon which they called sar- 
cinene in this species. A second strain of S, lutea was investigated in this labora- 
tory and yielded the same two carotenols but no hydrocarbon. It is interesting 
to note (table 2) that the absorption maxima were almost identical in chloroform 
and in ethanol. When the two pigments were mixed and readsorbed on calcium 
carbonate, two zones were obtained again. Pigments with these absorption 
maxima have not been reported previously. 

S, flava contained a single carotenol which apparently was identical with one 
of the pigments of S, lutea as indicated by absorption maxima and adsorption of 
the mixed pigments. 

S. aurantiaca contained a single carotenol which was unreported previously. 

Micrococcus, Two carotenols were found in M. luteus. Absorption maxima 
and chromatographic adsorption with mixed pigments indicated that these were 
the same as the alcohols obtained from Sarcina lutea. The two species of bacteria 
were differentiated, however, by their fermentation reactions. 

A single carotenol was isolated from M, flavus. It apparently was the same 
pigment as one of those found in S. lutea, S, flava, and M. luteus, 

Erwinia. Single and distinct carotenoid alcohols, both unreported previously, 
were isolated from E. lathyri and E. ananas. 

Bacterium mycoides. This organism is not to be confused with Bacillus my- 
coides. An intense red pigmentation was obtained which was due to a single 
red carotenol. A pigment, isolated by Karrer and Solmssen (1935) from a 
purple sulphur bacterium and named by them rhodopin exhibited the same 
absorption maxima. 

Cellulomonas flavigena. This bacterium produced two carotenols. Absorp- 
tion maxima and mixed chromatographic adsorption indicated that these pig- 
ments were identical with those obtained from S. lutea and M. luteus. 

Staphylococcus aureus. Twelve strains of S. aureus obtained from various 
sources and with different histories were subjected to pigment analysis. Table 3 
presents pertinent data. All the strains examined were found to contain a 
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hydrocarbon whose adsorption maxima coincided with delta-carotene reported by 
Winterstein (1933) to occur in the fruit hulls of Gonocaryum pyriforme, and also 
a carotenoid alcohol whose absorption maxima were identical with rubixanthin 
isolated by Kuhn and Grundman (1934) from rose hips. In addition to these 
two pigments, four strains isolated from food poisoning outbreaks and four 
strains from staphylococcic infections contained an ester of rubixanthin. 

The strain of S, aureus used by the Food and Drug Administration of the U. S. 
Department of Agriculture as the test organism for determining phenol co- 
efficients contained, as a third pigment, a hydrocarbon with absorption maxima 
identical with those of sarcinene. Chargaff (1933) reported that zeaxanthin 

TABLE 3 


Pigments isolated from varioiis strains of Staphylococcus aureus 


STRAIN 

SOURCE 


PIGMENTS 


Hydrocarbon 

Alcohol 

Third pigment 

209 

Food and Drug Ad- 
ministration 

*Delta-carotene 

fRubixanthin 

JHydrocarbon-sarcinene 

614 

Food poisoning i 

Delta-carotene 

Rubixanthin 

tEster of rubixanthin 

615 

Food poisoning 

Delta-carotene 

Rubixanthin 

Ester of rubixanthin 

616 

Food poisoning 

Delta-carotene 

Rubixanthin 


617 

Food poisoning 

Delta-carotene 

Rubixanthin 


620 

Food poisoning 

Delta-carotene { 

Rubixanthin 


626 

Food poisoning 

Delta-carotene 

Rubixanthin 

tEster of rubixanthin 

628 

Infection 

Delta-carotene 

Rubixanthin 

Ester of rubixanthin 

628a 

Infection 

Delta-carotene 

Rubixanthin 

Ester of rubixanthin 

628b 

Infection 

Delta-carotene 

Rubixanthin 

Ester of rubixanthin 

628c 

Infection 

Delta-carotene 

Rubixanthin 

Ester of rubixanthin 


* This pigment had absorption maxima identical with those of delta-carotene, 
t Same absorption maxima as for rubixanthin. 

% Same absorption maxima as for Chargaff and Dieryck’s sarcinene. 


was the only pigment in S. aureus. In none of the twelve strains studied was 
this pigment isolated. 


DISCUSSION 

It has been an important feature of this investigation to adapt some of the 
methods used for the separation and identification of the carotenoid pigments 
found in plant material to the separation and the determination of absorption 
spectrum maxima of the carotenoid pigments present in bacteria. It was found 
possible to make with ease a pigment analysis starting with approximately one 
gram of moist cells. 

One of the problems encountered in this study was the extraction of the 
carotenoids from the bacteria. The extraction of carotenoids from plant ma- 
terial may be accomplished by the use of any one of many of the fat solvents. 
This was not true for the bacterial carotenoids. It was discovered that the 
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extraction of the carotenoids from the bacterial cells could be accomplished best 
in the presence of a small amount of water with a water-miscible fat solvent. 
Methyl alcohol proved to be well suited for this purpose. 

Formerly, when carotenoid pigments were isolated they were given names, 
often without regard to their chemical structures. Sometimes, the name 
signified the source, e.g. sarcinene from Sardng lutea and violacein from C/iro- 
mobacterium violaceum. More recently, as new pigments have been isolated, 
names have commonly been withheld until the chemical structure of the pig- 
ments could be determined. This appears to be a rational policy, especially 
since source names lose their significance when the same pigment is found in 
different kinds of plants or animals. 

The present investigation resulted in the isolation of several carotenoid pig- 
ments with absorption maxima previously unreported. Some bacteria were 
found to contain but one pigment while others contained several. With the 
exception of those in S, aureus, the carotenoid pigments in any one species of 
bacteria belonged to a single type, with the alcohols predominating. No 
carotenoid acids were found in any bacterium. 

Several of the different species of bacteria contained identical pigments. An 
interesting problem arises as to whether pigment analysis should be included in 
securing characteristics for differentiation of bacteria. Consistency of pigment 
production is important in this respect. It has been found during the course 
of this study that each bacterium produced the same pigments repeatedly. 
When F, arborescens was grown on a medium containing glycerol or glucose, a 
red pigmentation resulted; on nutrient agar, an orange growth was obtained. 
However, upon pigment analysis the same five hydrocarbons were obtained in 
each instance with the amount of red pigment enhanced when the organism was 
grown on glycerol or glucose. Data are too few, however, to conclude that media 
have no effect on the kinds of pigment formed by a bacterium. 

It is probable that different strains of a certain species of bacterium will be 
found to produce different pigments. Reader (1925), Chargaff (1933) and the 
present authors disagree on the pigment formed by S, aurantiaca. Likewise, 
Nakamura (1936), Chargaff and Dieryck (1932) and the present authors fail to 
agree with respect to the pigments of S, lutea. In order to test the hypothesis that 
different strains of one species produce different pigments when grown on a 
standard medium, the present investigators subjected twelve strains of S. aureus 
to pigment analysis. Two pigments were common to all, with some variation 
in regard to a third pigment. Again these results do not coincide with those 
of Chargaff (1933). Insufficient data on the subject are available to attempt 
a correlation of pigment type with other properties or with source. 

There are interesting opportunities for research in determining the effects of 
environmental factors on the kinds and amounts of the carotenoid pigments 
produced by bacteria. Rapid growth makes possible a large number of studies 
in a short time, the environment may be controlled fairly well, and complicating 
factors are fewer, in general, than they are for the higher plants. For the above 
reasons, it appears also that bacteria offer definite possibilities in connection with 
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discovering the true function, if any, of the carotenoids in plants and animals. 
Two principal types of reactions have been attributed to the yellow pigments in 
leaves. One involves chemical reactions taking place in photosynthesis; the 
other is concerned with various oxidation-reduction reactions in which hydrogen 
is transferred, presumably by the pigments acting reversibly as hydrogen ac- 
ceptors and donors. However, careful consideration of the evidence leads to the 
conclusion that the subject is still in need of much critical investigation. 

It is known that some naturally occurring pigments, such as riboflavin, 
cytochrome, pyocyanine, phthiocol and toxoflavin function as hydrogen trans- 
porters in bacterial metabolism. It is evident that studies should be extended to 
investigations of the functional role of the carotenoids in bacteria with the ulti- 
mate purpose of discovering their role in plants and animals in general. 

SUMMARY 

Methods for the extraction, isolation, and determination of absorption 
spectrum maxima of bacterial carotenoid pigments have been devised or adapted 
from those applicable to the higher plant pigments. The pigments were ex- 
tracted from bacterial cells with hot methanol. They were separated by 
chromatographic adsorption and then subjection to spectrometric analysis. 

Twelve carotenoid pigments were isolated from 14 different species of bacteria. 
These included five species of FlavobacteriuMy three of Sardna, two of Micro- 
coccuSy two of Erwiniay one of Bacteriurriy and one of Cellulomonas. Seven of 
the carotenoids were alcohols and five were hydrocarbons. Some bacteria 
produced only one pigment while others produced several; Flavohacterium arbo- 
rescens contained five distinct hydrocarbon carotenoids. Some species which 
can be separated by fermentation reactions produced identical pigment. 

Twelve strains of Staphylococcus aureuSy obtained from various sources, were 
subjected to pigment analysis. Pigments whose absorption maxima were 
identical with those of delta-carotene and rubixanthinwere found in all the strains 
studied. The strain used as a test organism for determining phenol coefficients 
also contained another hydrocarbon. Four strains isolated from food poisoning 
cases and four from staphylococcic infections also contained an ester of a carot- 
enol with absorption maxima the same as those of rubixanthin. 

It is apparent that bacteria offer interesting possibilities for discovering the 
function of the carotenoid pigments in nature. 
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Determination of the susceptibility of various microorganisms to the bacterio- 
static action of the sulfonamide drugs requires a test which is relatively simple 
to perform, clear and easy to read, and with which readily reproducible results 
can be obtained. From the clinical standpoint an in vitro test has certain ad- 
vantages as compared with in vivo methods. Attention has been drawn by a 
number of investigators to certain of the factors affecting in vitro tests with this 
group of drugs. Among the variables may be mentioned the nature of the 
medium employed (Long and Bliss, 1939), the character of the fluid used in 
making dilutions for the inoculum, the age of the culture (Finkelstone-Sayliss, 
Paine and Palruk, 1937; Green, 1940; and Woods and Fildes, 1940) and the size 
of the inoculum (Colebrook, Buttle and O^Meara, 1936; Nitti, Bovet and De- 
pierre, 1937; Domagk, 1937; Rosenthal, 1937; Stamp, 1939; and Fleming, 1940). 

The present paper deals with several sources of error in the procedures com- 
monly used and describes an in vitro method which, in the studies thus far made, 
has yielded consistent results in the determination of the relative susceptibility 
of certain bacteria to the action of the sulfonamide drugs. The results obtained 
by the use of this technique for testing the relative susceptibility to sulfapyridine 
of different strains of the disease-producing types of pneumococci will be pre- 
sented in a subsequent paper. 


DILUTING FLUID 

The fluid used for diluting the culture of pneumococcus for the proper inoculum 
is important. It must not of itself be injurious to the bacterium and furthermore 
must contain no sulfonamide inhibitor. Diluting the culture in water, physiolog- 
ical saline or solutions of buffers cither kills some of the cells or so injures them 
that a prolonged lag phase may occur. If plain peptone broth is used, sufficient 
inhibitor may be introduced along with the inoculum so as to alter the end point 
of the bacteriostatic test. The most satisfactory diluting fluid has been found 
to be an inhibitor-free liver infusion containing 2 per cent rabbit serum. This 
medium is described in a subsequent section of the present paper. 

AGE OF CULTURES USED FOR INOCULATION 

Several investigators have reported that the age of the culture used as an 
inoculum effects the outcome of the bacteriostatic tests. It haA been stated that 
young cultures, during the logarithmic phase of growth, are more susceptible 
to the action of the sulfonamide drugs than are the cells from older cultures. 
The reported difference in the susceptibility of young and old cells to sulfon- 
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amide drugs parallels older observations on the lower resistance of young cells 
to various other unfavorable agents. For example, in 1910 Schultz and Ritz 
showed that cells of Escherichia coli during the lag phase and in the early logarith- 
mic phase of growth are much more susceptible to heat than in the late logarith- 
mic phase. This observation has been repeatedly confirmed (Winslow and 
Walker, 1939). Sherman and Albus (1923) reported the greater resistance of 
older cells of E, coli and Proteus vulgaris not only to heating but to chilling, 
hypertonic solutions of sodium chloride and phenol. The greater susceptibility 
of young cells of E, coli to distilled water has been described by Hershey (1939) 
and to ultraviolet light by Gates (1929-30). In addition, Bayne-Jones and 
Sandholzer (1933) have demonstrated that young cells are more readily attacked 
by bacteriophage than are the cells from older cultures. 

Variations in the susceptibility of young and old bacterial cells to the action 
of the sulfonamide drugs may be related to the content of sulfonamide inhibitor 
in cultures of different ages, and may also be due to variations in the organisms 
themselves. The presence of sulfonamide inhibitors in bacterial cultures has 
been demonstrated in a number of laboratories (Stamp, 1939; Green, 1940; 
Woods and Fildes, 1940; Fleming, 1940; MacLeod, 1940; and MacLeod and 
Mirick, 1941). The presence of these substances unquestionably affects the 
outcome of the bacteriostatic tests. 

In the present studies, 8- to 10-hour cultures grown in charcoal-adsorbed 
peptone broth containing defibrinated rabbit blood have been used. At this 
period of growth cultures of pneumococcus are at the peak of the logarithmic 
phase. Reproducible results have been obtained with cultures of this age. 

SIZE OF THE INOCULUM 

A concentration of a sulfonamide drug which is bacteriostatic for a small in- 
oculum of a particular microorganism may have little or no effect if a larger 
inoculum is used for seeding (Colebrook, Buttle and O’Meara, 1936; Nitti, 
Bovet and Depierre, 1937; Domagk, 1937; Rosenthal, 1937; Stamp, 1939; 
Fleming, 1940). However, because of the variations in the amount of sulfon- 
amide inhibitor present in different lots of peptone broth it has not previously 
been possible to determine accurately the effect of varying the size of the inocu- 
lum. When sulfapyridine was used in routine bacteriostatic tests with pneu- 
mococci of various types it was found that the results were usually the same 
whether an inoculum of lO^^ ml. or 10“® ml. of culture was used, and the end 
points were never more widely separated than a two-fold dilution of the drug. 
These inocula fall within the range of 40,000 to 3,000 cells as determined by 
colony counts of poured plates. Safe limits are 5,000 to 20,000 cells. Since 
identical results were almost invariably obtained within these limits it was 
possible to simplify the method of preparing the dilutions. 

A 2 mm. loopful of a fully grown 8- to 10-hour blood-broth culture of pneu- 
mococcus is placed in 5 ml. of liver infusion. The suspension is mixed thoroughly 
and 0.1 ml. is seeded into the 2 ml. volume of the medium used in the bacterio- 
static tests. This inoculum contains between 5,000 and 10,000 organisms. 
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Bacteriostatic tests performed with cultures diluted in this fashion gave the same 
results as were obtained when decimal dilutions of culture were made in the 
ordinary manner. 

If these relatively large inocula (6,000 to 20,000 cells) are used in bacteriostatic 
tests carried out in plain peptone broth, the differences in the susceptibility of 
various strains of pneumococci to the sulfonamide drugs, and the differences in 
the bacteriostatic potency of the different sulfonamide drugs on the same strain 
of bacterium are often obscured. The combined effect of the inhibitor in the 
medium and the large inoculum is such that growth of a relatively susceptible 
strain may take place even in the presence of the highest concentrations of the 
drug that can be dissolved in the medium. Bacteriostatic tests in peptone broth 
must therefore be carried out with a very small seeding of bacterial cells so that 
the bacteriostatic effect of a sulfonamide drug may be detected within the limits 
of its solubility. However, the use of a small inoculum is unsatisfactory for 
several reasons. In the first place, a very small inoculum of a freshly isolated 
strain of pneumococcus will often not grow in ordinary artificial medium until 
the strain has been repeatedly subcultured in this medium. During this proc- 
ess of adaptation some of the characteristics of the freshly isolated strain are 
obviously modified, and perhaps among others its susceptibility to the sulfon- 
amide drugs. It seems desirable, when testing bacteria for their sulfonamide 
susceptibility, that the tests be carried out as soon as possible after isolation of 
the organism. If a larger inoculum is used freshly isolated strains may be tested 
without requiring a preliminary period of adaptation to artificial media. 

Little is known at present concerning the phenomenon of drug resistance in 
different strains of bacteria. It is possible that the development of drug fastness 
is the result of a gradual change which takes place in the individual bacterial 
cells as a result of exposure to the drug. On the other hand drug-fastness may 
be a manifestation of natural selection, any culture being a variable mixture of 
drug-susceptible and drug-resistant cells. Until these matters are better under- 
stood it seems important that studies of the relative sulfonamide susceptibility 
of bacterial strains be made upon an adequate sample of the population. 

THE MEDIUM 

One of the chief sources of error is due to the presence of inhibitors of the 
sulfonamide compounds in the common bacteriological culture media. Mac- 
Leod (1940) has described a satisfactory technique for detecting the presence of 
sulfonamide inhibitor by the use of a smooth strain of E. coli grown in a synthetic 
medium. Lockwood (1938, 1940) has shown that peptone is inhibitory to the 
bacteriostatic action of sulfanilamide. More recently it has been demonstrated 
that different peptones and even different lots of the same brand of peptone 
contain varying amounts of sulfonamide inhibitor. For this reason it is often 
difficult to obtain reproducible results in bacteriostatic tests performed with 
different lots of the ordinary media containing peptone. Moreover, another 
important ingredient of culture media, namely meat infusion as customarily 
prepared, also contains sulfonamide inhibitor. It is obvious, therefore, that to 
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obtain inhibitor-free media the use of these components must be avoided, at least 
in the form ordinarily employed. For these reasons it seemed important to 
develop a medium capable of supporting the maximal growth of the more 
fastidious microorganisms which, at the same time, would be as free as possible 
of substances known to inhibit the bacteriostatic effect of sulfonamide drugs. 

For this pitrpose a method was devised for preparing extracts of animal organs 
under conditions yielding the essential nutritive and growth-accessory factors 
without releasing the drug-inhibitory substances which are liberated or formed 
during the processes of tissue autolysis. It was found that an infusion of fresh 
calf or beef liver may be so prepared as to fulfill these requirements and to provide 
a medium which supports the rapid and profuse growth of pneumococci without 
the addition of peptone. The preparation of the liver infusion has been described 
elsewhere in detail (MacLeod, 1940). 

Fresh beef or calf liver is obtained at the slaughter house as soon as possible 
after the death of the animal. The liver is immediately plunged into boiling 
water and kept at this temperature for 5 to 10 minutes in order to destroy the 
autolytic ferments. After mincing in a meat chopper the tissue is suspended in 
twice its weight of tap water, including that used in boiling the organ originally. 
The pH is adjusted to 4.5 with N/1 HCl, and the infusion heated slowly to 
80°C. over a boiling water bath. The liver pulp is then removed by filtration 
through paper, the pH adjusted to 7.8 with N/1 NaOH, filtered again through 
fine-grained paper and the fluid then sterilized by filtration through Pasteur- 
Chamberland candles, bougie B. Filtration is facilitated by warming the infu- 
sion to 35°-40°C. 

When prepared from calf liver the infusion is clear, golden-yellow in color 
and strongly fluorescent. Similar infusions made from beef liver have tended 
to be opalescent, due apparently to the presence of lipids. A seeding of pneu- 
mococci or Group A hemolytic streptococci containing only 5 to 10 viable cells 
grows readily when inoculated into 2 to 5 ml. of infusion. If stored in the dark 
and in the cold with only a small surface exposed to air, the infusion retains its 
growth-promoting qualities for a considerable period of time. However, if 
exposed to light at room temperature, the infusion loses much of its fluorescence 
within 48 hours with a concomitant loss of its ability to support the growth of 
small inocula of pneumococci. The growth-promoting qualities of the infusion 
may be restored completely by the addition of a reducing agent such as sodium 
thioglycollate (0.1 mgm. per ml.), although the fluorescence does not return. 
The addition of the sodium thioglycollate at the time the infusion is prepared 
tends to stabilize the medium and to prevent the formation of deleterious prod- 
ucts of oxidation. 

Occasional strains of penumococcus have been encountered which do not 
grow readily in the infusion unless serum is added. To avoid this difficulty, 
fresh normal rabbit serum in final concentration of 2 per cent has been added 
routinely. This serum is free of sulfonamide inhibitor, and in addition serves 
to stabilize the infusion. 

In the bacteriostatic tests a volume of 2.0 ml. of medium has been used 
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throughout. The various concentrations of sulfapyridine have been obtained 
by making appropriate dilutions in the liver infusion of a 1:2,000 stock saline 
solution sterilized by heating in a boiling water bath for 5 to 10 minutes. 

The content of reducing sugars in different lots of liver infusion has varied 
between 0.4 and 0.5 per cent. Because of the high carbohydrate content the 
pH of the medium reaches the acid death point for pneumococcus shortly after 
maximum growth has taken place. This fact does not interfere with reading 
the end point in the bacteriostatic tests, and the inhibitor-free liver infusion has 
been found to be entirely satisfactory for performing these tests. The high 
sugar content and subsequent acid production in the liver infusion do, however, 
make this medium unsuitable for storing cultures of pneumococci and for growing 
the culture to be seeded in the bacteriostatic tests. 

REMOVAL OF SULFONAMIDE INHIBITOR FROM PEPTONE BROTH 

As previously mentioned, the common bacteriological media prepared from 
muscle infusion and containing peptone, are unsuitable for bacteriostatic tests 
because of their content of inhibitor. Media of this sort, however, are desirable 
for the storage of cultures and for growing cultures to be used for the inoculation 
of the liver infusion, since the low sugar content does not permit the production 
during growth of sufficient acid to cause rapid death of the organisms. How- 
ever, if peptone broth culture is used for inoculation, sufficient sulfonamide 
inhibitor may be carried over into the liver infusion to affect the outcome of the 
bacteriostatic tests, even though the serial dilutions are made in the inhibitor- 
free liver infusion. Accordingly, methods were sought for removing the in- 
hibitor from peptone broth by the use of a selective adsorbent. 

The reaction of plain broth prepared with Pfanstiehrs peptone is adjusted to 
between pH 5.0 and 5.5 mth HCl, and for each 100 ml. of medium, 2 grams of 
powdered charcoal are added. The mixture is then brought to the boiling point 
over an open flame, and immediately filtered through paper. The reaction is 
readjusted with NaOH so that the final pH will be 7.8 after sterilization in the 
Arnold. 

The charcoal-adsorbed broth is considerably lighter in color than the original 
unabsorbed medium, and most of the sulfonamide inhibitor is removed. More- 
over, the ability of the adsorbed medium to promote the growth of small inocula 
of pneumococci is at the same time greatly enhanced. An inoculum of 5 to 50 
cells in 5.0 ml. of medium usually grows readily, whereas before adsorption an 
inoculum of from 1 to 10 million cells is frequently necessary to initiate growth. 

In a study of the oxidation-reduction potentials of bacteriological media 
Dubos (1929 a and b) has shown that peptone broth contains certain substances 
which become oxidised upon exposure to air, and so alter the oxidation-reduction 
potential of the medium that the growth of bacteria occurs only when a large 
inoculum is used. When a medium which has become oxidized by exposure to 
air is subsequently reduced either by boiling or by the addition of cysteine or 
thioglycollic acid, the growth-promoting properties are greatly improved. 
However, when again exposed to air, the autoxidizable substances become 
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re-oxidized quickly and interfere with the growth of small inocula. In a further 
investigation of this problem Dubos (1930) showed that various brands of com- 
mercial peptone contain different amounts of oxidizable substances which exert 
a bacteriostatic effect on certain microorganisms. The addition of reducing 
agents annuls this effect. The bacteriostatic substances may be removed from 
commercial peptone by acid precipitation, and media prepared with the purified 
material are capable of supporting the growth of very small inocula of pneumo- 
cocci. 

The improvement in the growth-promoting properties of peptone broth after 
adsorption with charcoal is much greater than that which occurs when broth 
is merely heated for the same period in the absence of charcoal. Moreover, 
even if adsorption is carried out in the cold, the growth-promoting qualities of 
the medium are greatly improved although not so much as when adsorption is 
carried out in hot solution. 

In order to compare the effect of heat and charcoal adsorption upon the 
growth-promoting properties of a lot of plain broth prepared with Pfanstiehrs 
peptone, the reaction was adjusted to pH 5.2 with N/1 HCI, and various portions 
of the broth treated as described below. 

Portion 1. 2 grams of charcoal were added for each 100 ml. of broth. The 
mixture was brought to a boil over an open flame and immediately filtered 
through paper. After cooling, the reaction was adjusted to pH 7.8 and the 
adsorbed broth sterilized by heating in a boiling water bath for 20 minutes. 

Portion 2, Instead of carrying out adsorption in hot solution, this procedure 
was done at room temperature, contact with charcoal being maintained for the 
same length of time as in the case of Portion 1. After filtration through paper 
the reaction was adjusted to pH 7.8 and the broth sterilized by filtration through 
a Berkefeld ‘‘V’’ candle. 

Portion 3, In this instance no charcoal was added, but the broth was other- 
wise subjected to the same procedures as in the case of Portion 1. 

The ability of each treated portion and of the original untreated broth to 
support the growth of varying inocula of Pneumococcus Type I was tested. 
The results of these tests are shown in table 1. 

From table 1 it can be seen that adsorption of plain peptone broth with char- 
coal in hot solution improves greatly its capacity to promote the growth of small 
inocula of pneumococci. In the original untreated broth a lO”^ ml. inoculum 
was necessary to inititate growth whereas after adsorption the medium supported 
the growth of an inoculum of 10”® ml. The difference between these portions of 
the same lot of broth cannot be explained on the basis of the heating to which the 
adsorbed broth was subjected, since heat alone in the absence of charcoal im- 
proved the growth-promoting properties of the broth only moderately. More- 
over, when the broth was adsorbed with charcoal at room temperature and steri- 
lized by filtration, its nutritive properties were greatly improved, indicating that 
the bacteriostatic substance present in broth is adsorbed by charcoal at pH 5.2 
and that the improvement in the broth is not due solely to the heating used in the 
adsorption procedure. The superiority of broth adsorbed in hot solution to that 



BACTERIOSTATIC EFFECT OF SULFONAMIDES 


283 


adsorbed at room temperature is probably due to more eflBicient adsorption at the 
higher temperature. It is worthy of note that charcoal-adsorbed broth even 
when exposed to air retains its growth-promoting properties for a prolonged 
period and becomes oxidized very slowly, if at all. 

It should be emphasized that adsorption must be carried out between pH 5.0 
and 6.0 in order to remove at the same time both the growth-retarding and sul- 
fonamide-inhibiting substances. Below pH 5.0 adsorption removes from the 
medium certain of its growth-promoting properties, and above pH 6.0 removal of 
the sulfonamide inhibitor is much less complete than at more acid reaction. 

Although the sulfonamide inhibitor and the growth-inhibitory substances are 
removed from broth by the same procedure, it is not inferred that the two sub- 

TABLE 1 

Effect of the growth-promoting properties of charcoal-adsorbed broth and heated broth 

GEOWTH OF PNEUMOCOCCUS TYPE I* 

MEDIUM Inoculum in ml t 



10-1 

10“* 

10-* 

10-< 

10-» 

10-« 

10-7 

10-» 

Portion 1 adsorbed with charcoal 
in hot solution and sterilized by 
boiling 

-h 

+ 

+ 

1 

1 

1 

+ 

+ 

+ 

+ 

Portion 2 adsorbed with charcoal at 
room temperature and sterilized 
by filtration 

+ 

-f 

+ 

+ 

+ 

+ 



Portion 3 heated at pH 5.2, read- 
justed to pH 7.8 and sterilized by 
boiling. Unadsorbed 

-f 

+ 

H" 

+ 

1 




Original untreated broth 




— 


— 

-- 

— 


* Readings of growth were made after incubation at 37°C. for 24 hours, 
t Dilutions of culture for inoculation were made in plain broth adsorbed with charcoal 
in hot solution. Inoculum of 10”^ ml. contained 80 pneumococci as determined by plate 
count. 

stances are of the same nature. The evidence at present indicates that these two 
principles are distinct. For example, most of the growth-retarding effect of 
oxidized broth can be annulled by the addition of a reducing agent such as sodium 
thioglycollate, whereas the sulfonamide inhibitor is not affected. 

BACTERIOSTATIC TESTS IN DIFFERENT CULTURE MEDIA 

Comparative bacteriostatic tests with Pneumococcus Type I were carried out 
in peptone broth, in peptone broth adsorbed with charcoal in hot solution, and in 
the liver infusion. The differences in the degree of bactcriostasis caused by 
sulfapyridine added to the various media are shown in table 2. Inasmuch as 
normal rabbit serum in final concentration of 2 per cent has been added routinely 
to the liver infusion, in the present experiments the same amount of serum was 
added to charcoal-adsorbed and unadsorbed peptone broth. This amount of 
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serum improves greatly the growth-promoting properties of the peptone broth, 
and permits the use of small inocula. The normal rabbit serum was shown to be 
free of sulfonamide inhibitor by E, coli test in a synthetic medium, as previously 
reported (MacLeod, 1940). 

The degree of growth was estimated by comparing the gross turbidity of the 
tubes after incubation at 37°C. for 24 hours. This was found to be a satisfactory 
growth period, since even with more prolonged incubation the results are almost 
invariably the same as at 24 hours. 

As shown in table 2 the bacteriostatic effect of sulfapyridine varies greatly in 
different culture media. In liver infusion bacteriostasis was complete in dilutions 
of sulfapyridine as high as 1 : 200,000 whereas the same degree of bacteriostasis in 
unadsorbed peptone broth requires a concentration of 1 : 5,000. However, after 
charcoal-adsorption bacteriostasis requires concentrations of the drug consider- 
ably less than in the untreated broth indicating that adsorption has removed most 


TABLE 2 

Bacteriostatic effect of sulfapyridine on pneumococcus type I in different culture media 

I GROWTH OF PNEUMOCOCCUS TYPE if 


MEDIUM* 


Concentration of sulfapyridine 



M/1,2S0 

1:5,000 

M/2,500 

1:10,000 

M/5,000 

1:20,000 

M/12, 500 
1:50,000 

M/50,000 

1:200,000 

M/125,000 

1:500,000 

M/2SO,000 

1-1,000,000 

0 

Peptone broth 

Charcoal-adsorbed 

- 

++ 

+++ 

++++ 

+“f + + 

+ + + + 

+ + + + 

++++ 

peptone broth 

- 


- 

+ 

+ + + + 

-h + + -f 

+ + + + 

++++ 

Liver infusion | 

— 

•— 

1 

— 

■— 


+ + 

++++ 


* 2 per cent of normal rabbit serum added to each of the various media, 
t ++++ =“ maximum growth; -f =* slight growth; — = no growth. 
Inoculum: 4,000 cells. 

The final readings were made after incubation at 37®C. for 24 hours. 


of the sulfonamide inhibitor. The concentration of sulfapyridine required for 
bacteriostasis in the charcoal-adsorbed broth is only moderately greater than that 
necessary in the liver infusion. 

It is important, however, that the medium used for bacteriostatic tests be com- 
pletely free from sulfonamide inhibitor, since only under these conditions can the 
results obtained with different drugs or different bacterial strains be compared. 
As previously shown (MacLeod, 1940) the content of sulfonamide inhibitor varies 
in different brands of commercial peptones and in infusions of different organs. 
Complete freedom from inhibitor is most important in the tubes containing higher 
dilutions of the sulfonamide drugs, since a very small amount of inhibitor will 
entirely annul the effect of small concentrations of the drug, although in the 
presence of high concentrations of drug the effect of a small amount of inhibitor 
may not be so apparent. No lot of liver infusion has been used unless shown by 
previous testing with the E. coli technique to be free of sulfonamide inhibitor. 
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COMPARISON OF BACTERIOSTATIC TESTS WITH VARIOUS SULFONAMIDE DERIVATIVES 
IN THE PRESENCE AND ABSENCE OF DRUG INHIBITOR 

The differences in the bacteriostatic potency of various sulfonamide dmgs may 
be almost completely masked by the presence of sulfonamide inhibitor in the 
medium in which bacteriostatic tests are made. This effect is shown in table 3 . 

It can readily be seen that the striking differences in the bacteriostatic effect of 
equimolar concentrations of sulfanilamide, sulfadiazine, sulfapyridine, and sulfa- 
thiazol on a strain of Type I Pneumococcus, are almost completely masked when 
the test is performed in ordinary culture medium. These actual differences in 
the bacteriostatic potency of the four drugs are sharply defined however when 
inhibitor-free liver infusion is used. 


TABLE 3 


Effect of the presence of drug inhibitor in media upon the bacteriostatic action of various 

sulfonamide derivatives 


MEDIUM 

1 

SULPONAMIDE 

DBUG 

GROWTH OF PNEUMOCOCCUS TYPE I* 

Concentration of drug 

M/1000 

M/2000 

M/4000 

M/8000 

M/16,000 

M/32,000 

M/64,000 

0 

Peptone broth 

Sulfanilamide 

++++ 

+++-(- 

++++ 

++++ 

++++ 

+-!-++ 

++++ 

++++ 

+ 2 per cent 

Sulfadiazine 


++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

rabbit serum 

Sulfapyridine 

- 

+++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 


Sulfathiazole 



++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

Li ver infusion 

Sulfanilamide 

_ 

+++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

+ 2 per cent 

Sulfadiazine 

- 

— 

— 

++ 

++++ 

++++ 

++++ 

++++ 

rabbit serum 

Sulfapyridine 

- 

^ — 

— 

— 


++++ 

++++ 

++++ 


Sulfathiazole 

— 


— 

— 

— 

— 

++++ 

++4'+ 


* +++-(- =* maximum growth; + = slight growth 
Inoculum: 7,600 cells. 

Readings of growth were made after incubation at 37°C for 24 hours 


SUMMARY 

A technique has been described for estimating the bacteriostatic effect of sul- 
fonamide drugs upon pneumococci. By this method certain of the variables 
which affect the outcome of these tests may be avoided. It has been shown that 
the most important source of error in bacteriostatic tests is due to the presence of 
sulfonamide inhibitor in the usual bacteriological media. This is particularly 
true in that different lots of the same peptone contain different amounts of sul- 
fonamide inhibitor. 

The question of the fluid used in diluting the culture to obtain a suitable inocu- 
lum is discussed briefly. In the present study liver infusion has been used since 
it is not only free from sulfonamide inhibitor and growth-inhibiting substances, 
but also causes no damage to the bacterial cells. 

In carrying out the test a relatively large inoculum of 5,000 to 20,000 cells has 
been used. By this means a more representative sample of the bacterial popula- 
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tion is taken, and furthermore if a large inoculum is used strains of pneumococcus 
may be tested immediately after isolation from the patient, and without the 
necessity of prolonged adaptation to artificial media. The use of cultures of a 
standard age in performing bacteriostatic tests with sulfonamides is discussed. 
This is important since it has been shown by various investigators that older cells 
are in general less susceptible than young cells to the action of many deleterious 
physical and chemical agents. 

The preparation and use of an inhibitor-free liver infusion are described. This 
infusion will support the luxuriant growth of various fastidious microorganisms 
without the addition of peptone, and has been found satisfactory as a culture 
medium for the performance of the bacteriostatic tests. 

A technique is described whereby most of the sulfonamide inhibitor may be 
removed from plain peptone broth by boiling it with charcoal at an acid reaction. 
The growth-promoting properties of the broth are also greatly improved by this 
process due to the simultaneous removal of substances which inhibit growth. 
Charcoal-adsorbed peptone broth has been found satisfactory for growing the 
cultures to be used as inocula in the bacteriostatic tests. 

By employing these various modifications of technique, readily reproducible 
results may be obtained in determining the susceptibility of freshly-isolated 
strains of pneumococci to the action of sulfonamides. Clear cut differences in 
the potency of various sulfonamide derivatives may also be demonstrated. 
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The bacillus described here was isolated by Dr. Henry Welch from rat feces 
collected in the vicinity of Salinas, California. The organism, which is desig- 
nated as Salmonella salinatis, was identified by Dr. Welch as a member of the 
genus Salmonella and sent to the writers for further study. On examination 
it proved to be a motile rod which possessed the morphological, tinctorial, and 
biochemical characters of Salmonella. The bacillus produced hydrogen sulfide, 
did not form indole, and failed to liquefy gelatin. Glucose, arabinosc, maltose, 
rhamnose, trehalose, xylose, sorbitol and dulcitol were fermented promptly 
with the production of acid and gas. Lactose, sucrose, inositol, adonitol, and 
salicin were not attacked. Dextro-tartrate, levo-tartrate, mucate and citrate 
were utilized by the bacillus but utilization of meso-tartrate could not be demon- 
strated. 

Serological examination of the organism revealed that it was a member of 
group B of the Kauffmann- White classification and possessed the somatic anti- 
gens IV, XII . . .. An agglutinating serum was prepared for S. salinatis and it 
was found that all O agglutinins were removed from the serum by absorption 
with the Sandiego type {IV, XII e, h — e, n, Zib), 

The determination of the flagellar antigens of the bacillus presented greater 
difficulties. Broth cultures were sluggishly motile. When diluted with formal- 
ized saline and tested with serums representing the various H factors of the 
Kauffmann- White schema, the broth cultures were flocculated slowly by serum 
derived from Eherthella typhosa (d) and still more slowly by serum derived from 
the beta phase of the Mikawashima type {e, n, Zib). The organism was passed 
through semi-solid agar until a very motile culture was obtained. This culture 
was flocculated rapidly and to the titre of E. typhosa serum as well as all other 
serums containing agglutinins for the antigen d. It was also actively floccu- 
lated by all serums containing agglutinins for antigens e, n and to a lesser 
extent by e, h serums. This suggested that the organism was diphasic and 
possessed the H formula d — e,n. . .which is known to exist in the Amensfoort 
type. Such a culture on plating should give rise to colonies some of which con- 
tain antigen d while others contain antigen e, n. , This was not true. The 
culture was plated on a number of occasions and several hundred individual 
colonies examined. Each colony examined contained antigen d as the major H 

^ The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. 
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constituent. Some of the colonies also were agglutinated actively by e, n . . . 
serums and to a lesser degree by c, h serums. When tested with single factor h 
and n serums, colonies of this sort were flocculated by n serum but not by h 
serum. Other colonies when tested on a slide, or when planted in broth and 
used as antigens in tube tests, reacted only with d serum. If the latter colonies 
were picked to semi-solid agar and then transferred to broth to insure very active 
motility, it was found that the organisms were flocculated not only by d serum 
but that they also reacted in low dilutions of e, h and e, n. . .serums. When 
tested with h and n serums, these colonies flocculated slowly and slightly in h 
serum but were unaffected by n serum. The agglutinative reactions of the 
isolated colonies and of the cultures used for comparison are given in table 1. 

TABLE 1 

Agglutination reactions of phases of S. salinatis 


SEXUMS 


ANTIGENS 

S. 

saUnatis^ 
phase 1 

S. 

salinatis, 
phase 2 

E. 

typhosa 

s. 

anatum, 
phase 1 

Mika- 
waskima, 
phase 2 

* 

n 

S. salinatis j phase 1 

20,000 

20,000 

20,000 

2,000 

1,000 


— 

S, salinatis^ phase 2 . . . 1 

20,000 

20,000 

20,000 

1,000 

10,000 

— 

+ 

E. typhosa (d) 

20,000 

20,000 

20,000 

- 

- 

- 

- 

S. anatum^ phase 1 {e, h) 

500 

1,000 

— 

40,000 

500 

+ 

— 

Mikawashima, phase 2 (e, n, zn) 

500 

5,000 

— 

500 

20,000 

— 



Figures indicate highest dilution at which agglutination occurred. 
— indicates absence of agglutination at 1-100. 

4- indicates agglutination in ^ or n serum at 1-500. 


It is evident that two antigenically different phases are present in the culture 
and that these can be separated by colony selection. In both phases d is the 
dominant antigen and this dominance tends to mask their differential char- 
acters. This is particularly true of phase 1, in which the minor components 
are present only in very slight amount. The results indicate that the antigens 
d, c, h and n ... are present and that phase 1 carries d, e, h while phase 2 contains 
d, e, n . . . . This supposition is confirmed by the absorption tests given in table 2. 
Serum derived from phase 1 of S. salinatis^ after absorption with Salmonella 
anatum, phase 1 (e, ft), still agglutinates phases 1 and 2 of S, salinatis and E, ty-- 
phosa strongly because of the high d titre of the serum. However it no longer 
agglutinates e, ft or c, n. . . forms. If the serum is absorbed with phase 2 of the 
Mikawashima type (c, n, Zi^) it still retains its d content and agglutinates S. sali- 
natis and E, typhosa. In addition there is a slight residue of agglutinins left 
for e, ft phases but none for 6, n . . . phases. This demonstrates that in addition 
to the dominant antigen d, phase 1 contains very small amounts of e, ft and that 
the phase may be expressed as d, e, ft. The e, ft component of this phase is so 
poorly developed that when serum derived from phase 1 of S. anatum (e, ft) is 
absorbed with phase 1 of S. salinatis a pronounced residue of e, ft agglutinins 
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remains even though very large absorbing doses are used. This might be in- 
terpreted as indicating that the e, h antigens of phase 1 were not typical and 
that failure to absorb was due to a qualitative rather than a quantitative differ- 
ence. It is believed that this interpretation is not correct since the results given 
in the second part of the paper demonstrate that a perfectly typical e, h phase 
can be obtained from phase 1 of S, salinatis. The lack of absorbing power 
apparently is due only to the slight amount of e, h antigens in phase 1. 

If serum derived from phase 2 of S, salinatis is absorbed by phase 1 of S. 
anatum the dominant d agglutinin for S. salinatis and E, typhosa remains. All 
agglutinins for the e, h phases are removed but a well-defined residue of aggluti- 
nins for the c, n . . . phases remains. If the serum is absorbed with Salmonella 


TABLE 2 

Agglutinin absorption tests with phases of S. salinatis 


ANTIGENS 

SERUMS 

S. salinatis, phase 1 
absorbed by 

S. salinatis, phase 2 
absorbed by 

Mikawashima, phase 2 
absorbed by S. salinatis, 
phase 2 

S. anatum. phase 1 
absorbed by 

5. salinatis, phase 1 

5 anatum, 
phase 1 

Mikawashima, 
phase 2 

5. anatum, 
phase 1 

1 

IS 

to 

Mikawashima, 
phase 2 

S. salinatis^ phase 1 (d, c, /^) 

20,000 

20,000 

10,000 

10,000 

10,000 

— 

— 

S. salinatisy phase 2 (d, e, n, zu) . . . 

10,000 

20,000 

20,000 

10,000 

10,000 

— 

100 

E. typhosa (d) . 

10,000 

10,000 

10,000 1 

10,000 

10,000 

— 

- 

S. anatum, phase \ {e,h) 

— 

200 

— 

- 

— 

— 

5000 

Newport, phase 1 (c, /i) 

- 

200 

- 

- 

- 

- 

5000 

S. abortus-equi, phase 2 (e, n, x) 

— 

— 

2,000 

— 

— 

— 

200 

Mikawashima, phase 2 (e, n, zn) 

— 


2,000 

200 

— 

— 

200 


Figures indicate highest dilution at which agglutination occurred. 
— indicates absence of agglutination at 1-100. 


ahortuS’-equi (e, n, x), agglutinins for the e, h phases and for the absorbing strain 
are removed but a small amount of agglutinin acting on phase 2 of Mikawashima 
(c, n, Zu) remains. This indicates that phase 2 of S. salinatis contains the anti- 
gens e, n, ZiB. This view is strengthened by the results of the absorption of the 
serum with phase 2 of Mikawashima, which leaves only the agglutinins for anti- 
gen d in the serum. Finally, absorption of serum derived from phase 2 of 
Mikawashima by phase 2 of S, salinatis removes all agglutinins for the homolo- 
gous strain. It may be concluded that phase 2 of S, salinatis contains the 
antigens d, e, n, Zib, 

All the phases of the genus SalmonelUi which contain antigen d cross aggluti- 
nate in very high dilution, usually to the titres of the serums. In spite of this 
close relationship of antigen d contained in different types, minimal differences 
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in these d phases can be demonstrated by absorption. These differences have 
been commented upon by Kauffman (1937), by Hormaecne and Peluflfo (1939) 
and by Edwards and Bruner (1941). In order to determine more exactly the 
relationships of the d component of S, salinatis to that of other types cross 
absorption tests were done. The results of these absorptions are given in 
table 3. The S, salinatis serum used in the tests was derived from phase 1 and 
was subjected to a previous absorption with the Sandiego type to remove the 
small amount of e, h agglutinins which it contained. Absorption of S. salinatis 
serum with the Shangani, Gaminara, or Oregon types removed all H agglutinins 
for the homologous strain. Absorption with E. typhosa, Muenchen or Stanley 
left residues of agglutinins in the serum. S, salinatis did not completely remove 
agglutinins from E, typhosa, Muenchen, or Oregon serums. The results indicate 

TABLE 3 

Serological relationships of antigen d of S. salinatis 


SERUMS 


ANTIGENS 

c 

cd 

bo 

a 

ed 

.a 

(/> 

S.i 

a 

o 

o 

falinatis i 

2 

cd 

a 

O 

absorbed 

g 

JS 

u 

i 

O' 

Stanley 

E typhosa 

E. typhosa 
absorbed by 

S salinatis 

Muenchen 
absorbed by 

S. salinatis 

Oregon 
absorbed by 

5. salinatis 

S. salinatis, phase 1 

— 

— 

— 

+ 

-f 

-f 

— 

— 

— 

E. typhosa 

- 

- 

— 


- 

- 

-f 


+ 

Gaminara, phase 1 

— 

— 

— 

+ 

— 


— 

+ 

4- 

Stanley, phase 1 

- 

— 

— 

- 

- 



-f 

+ 

Muenchen, phase 1 

— 

— 

— 

— 

— 

— 

+ 


-h 

Shangani, phase 1 

- 

- 

- 

+ 

- 

+ 

+ 


+ 

Wichita . . 

— 

— 

— 

— 

— 

+ 

— 

— 

+ 

Oregon, phase 1. . 

- 

- 

- 

+ 

- 

+ 


+ 


Amersfoort, phase 1 


— 

— 

-f 

— 



+ 

-h 


+ agglutination at 1-100. 

— no agglutination at 1-100. 


that the antigen d of S, salinatis is very closely related to that of Oregon, Gami- 
nari, and Shangani but that it lacks some of the minor components of those 
types. 

Twelve transplants of S, salinatis^ each of which was isolated from a single 
colony, were maintained on agar slants and transferred at weekly intervals. 
When isolated, six of these subcultures were phase 1, the other six were phase 2. 
After three transfers, each of the subcultures was plated and the antigens of 
individual colonies were determined. It was found that the six subcultures 
originally isolated from phase 1 colonies gave rise to colonies, the majority of 
which were phase 1. However, some phase 2 colonies were found in each of the 
subcultures. The number of phase 2 colonies in the different subcultures varied 
from 5 per cent to 30 per cent of the colonies examined. The subcultures iso- 
jated from phase 2 colonies all gave rise to some phase 1 colonies when they were 
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plated. As in the case of the phase 1 subcultures, the percentage of colonies 
which reverted to the other phase was variable. These results demonstrate 
that the culture is diphasic and exhibits natural phase variation. 

It may be concluded that S, salinatis is a diphasic Salmonella and that it is 
represented by the antigenic formula /F, XII . . d, e, h -- d, e, n, Z 15 . 

INDUCED VARIATION IN SALMONELLA SALINATIS 

It should be emphasized that the foregoing results were obtained with natu- 
rally occurring phases of the bacillus and that in no instance were the organisms 
cultivated in immune serums in order to induce variation. The writers (Bruner 
and Edwards, 1939, 1941; Edwards and Bruner, 1939, 1940) have demonstrated 
that suppressed phases of the monophasic nonspecific types, of Salmonella para^ 
typhi A and of S, abortus-^qui could be made apparent by the cultivation of the 
bacilli in the presence of serums containing agglutinins for their dominant phases. 
The results obtained in these studies supported the view of White (1926) that 
current Salmonella types were loss variants of antigenically complex parent 
strains. Since the antigenic composition of S. salinatis was more complex than 
that of any previously described Salmonella type it seemed an excellent strain 
with which to attempt the production of loss variation. 

In attempting to produce variation a modification of the method of Gard 
(1937) was used. This procedure was described by Bruner and Edwards (1939) 
and is based on the immobilizing effect of agglutinating scrum upon motile 
organisms. Semi-solid agar containing agglutinating serum for the organism 
under study is inoculated by stabbing. The resulting growth is confined to the 
line of stab unless changes occur in the flagellar antigens, in which case the 
bacilli migrate through the medium. The organism was first cultivated in semi- 
solid agar containing e, h; e, n; h; n; e, h + e, n; and h n serums, respectively. 
The serums were used in a dilution of one fifth of the agglutinin titre, i.e. a serum 
having a titre of 1 to 20,000 w^as used in a dilution of I—IOOO. When these 
serums were used singl}^ or in combination the organisms migrated through the 
medium. The results obtained with phases 1 and 2 in semi-solid agar containing 
c, h; c, 77, 216 and c, /i + c, n, Zi6 scrums are given in table 4. The results obtained 
with absorbed single factor h and n serums were the same. When phase 1 
(d, e, h) was cultivated in semi-solid agar with an e, h serum, both phase 1 and 
phase 2 were recovered from the spreading growth. When phase 1 was culti- 
vated in c, n, ZiB serum only phase 1 migrated through the medium. If both 
c, h and e,n. . . scrums were added to the medium, phase 1 still spread through 
the agar. The amounts of serum were increased tenfold and phase 1 still 
spread through the medium. The S, anatum serum, which had a titre of 1- 
40,000 was then added to the medium in amount of 1 ml. to 3 ml. of semi-solid 
agar while the e, n, Z 15 serum was added in the amount previously used. Even 
in this high concentration of serum, phase 1 continued to spread. The small 
amount of the c, h components in phase 1 was commented upon above. Appar- 
ently these antigens are present in such slight amount that the phase is not 
immobilized by e, h serums regardless of the concentration in which they are used. 
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The results obtained by the cultivation of phase 2 in e, h; e, n, zn and e, A + e, 
n, 2 i 5 serums were similar to those obtained with phase 1. Phase 2 spread un- 
changed through semi-solid agar containing e, h serum. If agar containing 
6, n, zih serum, ore,h + e, n, 215 serum was inoculated with phase 2 the organisms 
of that phase were immobilized and phase 1 was recovered from the spreading 
growth. The addition of e, h and e, n, Z15 serums to the medium did nothing 
more than cause the organism to exhibit normal phase variation. The organisms 
which had been exposed to these serums, and which migrated through the me- 
dium in their presence were apparently unchanged. After their isolation from 
the tubes containing large amounts of serum they continued to display phase 

TABLE 4 


Agglutination of S. salinatia after growth in presence of agglutinating serum 





SESUMS 



ANTIGENS 

SESUlfS ADDED TO MEDIUM 

E, typhosa 

5. anatum, 
phase 1 

Mika- 
washima, 
phase 2 

h 

n 


S. anatum^ phase 1 (e, /i) 

20,000 

1,000 

5,000 

4- 

4- 

S. salinatis j 

Mikawashima, phase 2 (e, n, zn) . . 

S. anatum j phase 1 + Mikawashima, 

20,000 

1,000 

500 

+ 


phase 1 culti- 

phase 2 

10,000 

1,000 

200 

4- 


vated in 

E. typhosa 

— 

20,000 

500 

+ 

— 


E. typhosa H- ^ 

— 

1,000 

20,000 

- 

+ 


E, typhosa 4* w 

— 

20,000 

500 

4- 

— 


S. anatum^ phase 1 {e, h) . . 

10,000 

500 

5,000 

— 

4- 

S. salinatis j 

Mikawashima, phase 2 (e, n, zu).. 

S, anatum^ phase 1 4- Mikawashima, 

20,000 

1,000 

500 

+ 

— 

phase 2 culti- 

phase 2 

10,000 

1,000 

500 

4- 

— 

vated in 

E, typhosa 

— 

1,000 

20,000 

— 

4- 


E, typhosa 4- h 

— 

1,000 

20,000 

— 

+ 


E. typhosa 4- n 

— 

20,000 

500 

4- 

— 


Figures indicate highest dilution at which agglutination occurred. 
— indicates absence of agglutination at 1-100. 

+ indicates agglutination in h or n serum at 1-500. 


variation in the absence of serum. The failure to induce variation must be 
attributed to the failure of e, h serum to immobilize the d, e, h phase of the 
bacillus. 

Entirely different results were obtained when the organisms were grown in 
semi-solid agar containing E, typhosa serum or any other serum that contained 
agglutinins for antigen d. The results of these experiments are summarized in 
table 4. If phase 1 of S. salinatis (d, e, h) is placed in semi-solid agar containing 
E, typhosa serum the organisms spread rapidly through the medium. Cultures 
isolated from the spreading growth have undergone profound changes in their 
antigenic characters. They no longer are agglutinated by E. typhosa serum but 
they are agglutinated to the titre of S, anatum (e, h) serum and to a lesser extent 
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by Mikawashima (e, n, 215 ) serum. When tested with single factor h and n 
serums, they are agglutinated by h serum but not by n serum. They behave as 
a typical e, h phase, which occurs naturally in phase 1 of many Salmonella types. 
If, in addition to E. typhosa serum, single factor n serum is added to the medium 
phase 1 behaves in the same way. If, in addition to E. typhosa serum, single 
factor h serum is added to the medium the organisms spread through the agar 
but the spreading growth possesses different antigenic characters. It is not 
agglutinated by E, typhosa serum and is agglutinated only in low dilution with 
S, anatum serum. It reacts to the titre of Mikawashima serum and when tested 
with single factors, reacts with n serum but not with h serum. It resembles the 
naturally occurring e, n. . . antigens of phase 2 of many Salmonella types. 

When the experiments described above were repeated with phase 2 of S. salt- 
natis (d, e, n, 215 ) comparable results were obtained. When cultivated in E. 
typhosa serum, or E, typhosa + h serum, an e, n. . . phase was isolated from the 
spreading growth. If E, typhosa serum + n serum were added to the medium 
an c, h phase was isolated. 

If either phase were planted in semi-solid agar containing h and n serums in 
addition to E. typhosa^ serum, no spreading occurred. Further, either e, h 
serum or e, n. . . serum, when used in conjunction with E. typhosa serum retarded 
spreading of the organisms. Apparently the agglutinin in the serums for the 
antigen e which is common to both of the phases was sufficiently active to cause 
this retardation of migration. It was demonstrated previously that when phase 
1 (d, €, h) was placed in e, h serum it was not immobilized and that phase 1 as 
well as phase 2 could be isolated from the spreading growth. In contrast, when 
E, typhosa serum, as well as h serum, is added to the medium the c, h components 
no longer spread, as evidenced by the isolation of pure e,n. . . phases under these 
conditions. This difference in action apparently is due to the change in the 
e, h antigems from a very minor <;omponent of the natural phase 1 to a major 
component under the influence of E, typhosa serum. 

After the e, h and e, n . . . phases were isolated they were plated and subcultures 
were made from isolated colonies. Six colonies of each phase were selected and 
transferred to agar slants. The subcultures were transferred at weekly intervals 
and after three weeks they were plated and the colonies were examined. In each 
of the subcultures which originated from single e, h colonies, there appeared some 
e, n. . . colonies. The proportion of these colonies in the different sub- 

cultures varied from 10 per cent to 40 per cent. In each of the subcultures which 
were isolated from e, n . . . colonies some e, h colonies appeared when they were 
plated. As in the case of the subcultures which originated from e, h colonies, 
the percentage of colonies of the opposite phase varied in different cultures. 
None of the colonies from e, A or e, n. . . subcultures was agglutinated by E, ty- 
phosa serum. It would appear that S, saiinatis, which in its original state ex- 
hibited dyOyh-- d, e, n, Zis phase variation, after passage through E. typhosa (d) 
serum had lost antigen d and now displayed e, A — c, n . . . phase variation. The 
induced e,n. . . phase was examined more closely to determine its minor antigens. 
It was not agglutinated by x serum, but flocculated actively with serum. It 
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left a pronounced residue of agglutinins in S. abortus-equi (e, n, x) serum but 
completely removed agglutinins from phase 2 Mikawashima (e, n, Zi^) serum 
when used as antigen in absorption tests. The induced phase, therefore, may 
be expressed as e, n, Zis. 

Repeated attempts were made to recover the d, e,h — d, e, n, Zi^ form of the 
original culture from the e, h — e, n, Zy^ form of the variant. These attempts 
included allowing cultures to age and then plating them and the maintenance 
of cultures with regular periods of transfer and plating at various intervals. In 
addition, numerous cultures were planted in semi-solid agar containing e, h and 
e, n, ZiB serums or h and n serums. These cultures were transferred many times 
in semi-solid agar containing these serums. Serial transfer in such mediums 
is the most effective method known for the isolation of suppressed antigens. 
These induced e,h — e, n, Zib phases have been maintained in the laboratory for a 

TABLE 5 


Serological characteristics of induced phases of S. salinatis 




SEKUMS 


ANTIGENS 

S. salinatis 

S. salinatis, 

Sandiego, 

Sandiego, 


e, h phase 

phase 

phase 1 

phase 2 

E. typhosa ... 

— 

— 

— 

— 

S. salinatis, phase 1 

2,000 

2,000 

1,000 

1,000 

S, salinatis, phase 2 

5,000 

5,000 

2,000 

5,000 

S, salinatis; e, h phase 

20,000 

10,000 

5,000 

2,000 

S. salinatis; e, n, zn phase 

10,000 

40,000 

2,000 

5,000 

Sandiego, phase 1 

20,000 

10,000 

5,000 

2,000 

Sandiego, phase 2 . .. 

5,000 

20,000 

2,000 

5,000 


Figures indicate highest dilution at which agglutination occurred. 
— indicates absence of agglutination at 1-100. 


year and during that time attempts to revert them to the original phase or to 
recover antigen d from them have been carried on almost constantly. In no 
instance has any variation from the induced e, h — e, n, Zib pattern been observed. 
Therefore the transformation of the d, e, h — d, e, n, Zib phases to the e, h — e, 
n, ZiB phases must be considered as an irreversible change. 

It should be emphasized that no change occurred in the somatic antigens of 
the bacillus during the experiments. The antigenic formula of the original cul- 
ture was IV, XII. d, e, h — d, e, n, zib while that of the variant was IV, 
XII . . e,h — e,n, Zib. 

Agglutinating serums were prepared from the induced e, h and e, n, Zn phases 
and from phase 1 and phase 2 of the Sandiego type (IV, XII. . .: e,h — e,n, Zib) 
of Kauffmann (1940). The reactions obtained with these serums are given in 
table 5. No differences are discernible in the action of the serums derived from 
the induced phases of S, salinatis and those derived from the Sandiego type. It 
is worthy of note that serums derived from the induced phases contained no 
flocculating agglutinins for E, typhosa. This is further evidence of the complete » 
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absence of antigen d in the induced phases. When reciprocal absorption tests 
were performed it was found that the induced phases of S. salinatis removed all 
agglutinins from serums derived from the corresponding phases of the Sandiego 
type. Likewise the phases of Sandiego removed all agglutinins from the serums 
derived from the corresponding induced phases of S, salinatis. This removal of 
agglutinins applies to the 0 antigens as well as the H antigens. Thus the sero- 
logical identity of the two organisms is proven and the antigenic formula of the 
induced variant of S. salinatis established as /F, XII . . . : e, — e, n, 215. 

DISCUSSION 

The results obtained in the study of S. salinatis naturally raise the question 
of the purity of the culture. It should be remembered that the culture was 
plated many times during the course of the work and, of the hundreds of colonies 
examined serologically, not one was found which did not possess the antigens 
attributed to the naturally occurring form of S, salinatis. Further, practically 
all of the work on induced variation was done with cultures isolated from single 
colonies. More than 100 single colonies were cultivated in semi-solid agar con- 
taining E, typhosa serum. In all these colonies antigen d was the major com- 
ponent. From every one the e, h — e, n, 215 form could be obtained. It is 
inconceivable that in a mixture of two Salmonella types, each of the numerous 
colonies examined should be mixed. The failure to find e, h — e, n, 2:16 forms in 
the original culture and the isolation of such forms from every colony cultivated 
in E, typhosa serum is proof that a mixture of types was not present in the original 
culture. The biochemical characteristics of the original culture and the induced 
forms were identical. 

The two phases of S, salinatis {d, e, h and d, e, n, Z15) are unusually complex. 
No other Salmonella has been described in which similarly complex phases occur. 
The antigen d is found in many Salmonella types and in them this antigen alone 
constitutes a complete phase. It may occur alone in monophasic organisms, as 
in E. typhosa and the Wichita type (/, XIII, XXIII: d: — ) of Schiff and Strauss 
(1939), or it may constitute one phase of a diphasic type, as in Muenchen {VI, 
VIII: d — 1, 2) or Amersfoort {VI, VII: d e, n, x). The e, h and e, n, Zib 
antigens each constitutes a complete phase of a number of Salmonella types, as 
in the Sandiego type {I\ , XII . e, h — e, n, Zib), S, anatum {III, X, XXVI: 
e,h — 1, 6) and the Mikawashima type {VI, VII: y — e,n, Zib), 

The fact that d is the dominant antigen in both phases of S, salinatis makes 
the recognition of the phases more difficult than in other Salmonella types. This 
difficulty is further complicated by the presence of the common antigen e in the 
minor components of the two phases. The e, h components of the d, e, h phase 
are present in such small amount, or are so poorly developed, that their recogni- 
tion is sometimes most difficult. For some time after the separation of the 
phases the writers were of the opinion that certain colonies contained only anti- 
gen d and that the bacillus existed in three phases which could be expressed as 
d — d, e, h — d, e, n, Zu, Further studies demonstrated that the supposed d 
phase was actually d, e, h. The failure to recognize the e, h components in these 
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instances was due to lack of maximum development of the H antigens. Certain 
lots of infusion broth which were being used did not yield cultures which were 
sufficiently rich in these substances to permit the detection of traces of e, h 
antigens. It was noted above that when phase 1 of S. salinatis was placed in 
E. typhosa serum, e, h phases were isolated and that phase 2 under the same 
conditions yielded e, n, zn phases. Large numbers of colonies of both phases 
were examined and only very rarely did 2 i,d,e,h phase give rise to an admixture 
of e, h and e, n, 2:15 phases. It was found that the supposed d phase, when culti- 
vated in a medium containing E. typhosa serum gave rise to an e, h phase. This 
occurred in the case of every ^'d” colony so examined. Serum prepared from 
such a colony contained traces of c, h agglutinins but not e, n, Zn agglutinins. 
When the organisms were cultivated in semi-solid agar containing both e, h and 
6, n, ZiB serums the d, e, h phase was invariably isolated from the spreading growth. 
This also is evidence against the existence of a pure d phase in the culture. The 
induction of a fully developed, typical c, h phase from such a poorly developed 
partial antigen is a curious phenomenon. The e, n, 215 antigens of the d, c, n, 215 
phase are much more fully developed. One would expect, a priori, that the 
minor components of the two phases would exhibit approximately equal de- 
velopment, particularly since the e, h and e, n, Zis antigens of the induced phases 
are equally well developed and typical. 

The e, h — e, n, 2 ib phases recovered from S, salinatis by cultivation in a 
medium containing d serum were surprisingly resistant to further change. Nor- 
mal phase variation was apparent and the e, h phase was readily isolated from 
the e, n, 215 phase by cultivation in a medium containing n serum. The reverse 
change from e, h to e, n, z^ was also easily accomplished. This variation repre- 
sented the extent of change in the induced forms. When cultivated in e, h + 
e, n . . . serums or h + n serums the organisms could not be forced to develop a 
phase which contained antigen d, as did the original culture. Further, no 
^‘artificial” phases, i.e. phases having little or no relationship to the naturally 
occurring H antigens of the genus, were obtained when the organisms were 
cultivated serially in a medium containing such serums. The production of 
artificial phases from E. typhosa was described by Kauffmann (1936) and from 
the Schleissheim type by Kauffmann and Tesdal (1937). While the attempts to 
induce variation in the e, h — €,n, zn forms of S. salinatis were in progress, two 
cultures of the Sandiego type were used in parallel studies. Both of these 
Sandiego cultures spread through semi-solid agar containing A n serum after 
three transfers in the medium. The induced phases thus obtained had no rela- 
tionships to the natural H antigens of the genus but were related to the artificial 
phase of the Schleissheim type (25). The stability of the e, h — e, n, Zis forms 
isolated from S. salinatis and the complete absence of d agglutinins in serums 
prepared from them are evidence of the profundity and permanence of the 
change that has occurred in the culture. The permanence of this change is even 
more significant when one considers the results obtained in the study of S, 
abortus-equi (Edwards and Bruner, 1939) and S, paratyphi A (Bruner and Ed- 
wards, 1941). In both of these monophasic types it was possible to induce a 
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second phase which resembled the naturally occurring antigens of other types. 
While the induced phases of these species did not revert spontaneously to the 
naturally occurring phases, they were reverted by cultivation in mediums con- 
taining appropriate serums. This is in direct contrast to the irreversibility of 
the induced phases of S, salinatis. The change in the latter species apparently 
is not a simple variation but is a mutation. 

Since the transformation of S, saliriatis from d, h — d, e, n, to e, h — e, 
n, 2 ib is accomplished so easily in the test tube simply by cultivating it in the 
presence of d serum, it is not inconceivable that the same change should take 
place in the body of an animal whose serum contained agglutinins for antigen d. 
Six guinea pigs which had been injected with killed cultures of phase 1 of the 
Muenchen type until their d agglutinin titre rose to 1 to 1000 were injected with 
living cultures of S, salinatis. The animals \vithstood large amounts of the 
culture without apparent ill effect and this question was not pursued further. 

In his classical work on the Salmonella group, White (1926) discussed the 
evolution of types at some length. He concluded that in view of the numerous 
antigenic relationships in the genus different types must have had a common 
ancestry and that the organisms as they exist today have evolved by loss varia- 
tion. Through this process of loss certain antigens became dominant in some 
types, other antigens became dominant in other types. The writers have felt 
that White was correct in his deductions regarding Salmonella phylogeny and 
have been able to bring forward some evidence to support his theories. Edwards 
and Bruner (1939) isolated antigen a from the naturally monophasic S. abortus- 
equi {IV, XII . . . : — \e,n,x) and Bruner and Edwards (1941) recovered 1,5. . . 
phases from S. paratyphi A (I, II, XII. . . : a : —). When the suppressed phases 
of these two bacilli were isolated they did not spontaneously revert to the original 
phases. These suppressed phases are isolated with difficulty. Long series of 
transfers in mediums containing serum usually are necessary to cause their appear- 
ance. This indicates that the monophasic state is deeply seated in these two 
species. The lack of phase variation in the suppressed phases after they are 
brought into dominance supports this view. These facts indicate that once an 
organism has lost the power of phase variation, that power is not revived even 
when suppressed phases are brought into dominance. These induced variants of 
S, paratyphi A and S. abortus-equi are additive variants and, if the theory of 
White is accepted, are, in a sense, anachronisms. The organisms have not been 
forced forward in their evolutionary course, but backward. 

Unlike the changes described in S. abortus-equi and S, paratyphi A , the change 
induced in S. salinatis results in a loss of antigenic components. This, according 
to White’s view, represents a step in the natural evolution of the organism. It 
is not surprising, therefore, that the induced phases of S, salinatis should act 
like those of any other diphasic Salmonella and be subject to natural, spon- 
taneous phase variation. 

The acceptance of White’s theory presupposes the previous existence of an 
antigenically complex prototype. S, salinatis is, of course, not nearly so com- 
plex as this prototype must necessarily have been. However, its phases are 
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more complex than those of any Salmonella yet described. It is undoubtedly a 
more primitive type than any other now known and its behavior indicates that 
it is in a highly unstable state. 

Finally, attention should be called to the fact that in the transformation of 
S, salinatis from IV, XII . . .d, e, h -- d, e, n, Zis to IV, XII . e, h — e, n, Zib 
an organism biochemically and serologically indistinguishable from the Sandiego 
type has been induced. 


CONCLUSIONS 

1. A new Salmonella type, Salmonella salinatis, is described. The antigenic 
formula for this type is IV, XII . . .\d,e,h d,e,n, Z 15 . 

2. Through cultivation of S. salinatis in semi-solid agar containing agglutinat- 
ing serum for Eberthella typhosa, an organism having the antigenic formula IV, 
XII. e, h — e, n, zib was isolated. The latter is biochemically and serologi- 
cally indistinguishable from the Sandiego type. 

3. The bearing of these observations, and of previous experiments on induced 
variation, on White’s theory of Salmonella phylogeny is discussed. 
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Much attention has been directed in recent years to a group of non-sporulating 
anaerobes which are now known to constitute a large part of the intestinal 
flora of man. These organisms, both the gram-negative and gram-positive, 
were for a while included in the old genus Bdcteroides of Castellani and Chalmers 
(1919). 

The publications of Eggerth (1935), Pr6vot (1938) and Lewis and Rettger 
(1940) have fairly definitely established the validity of separating the group 
into two parts, based on gram reaction and cultural tests. The gram-negative 
species are most acceptably permitted to remain in the original genus, which is 
redefined to exclude the gram-positive forms. The latter are now left with no 
definite classification, unless serious consideration is given to the complicated 
scheme erected by Pr^vot, or the suggestions of Eggerth and of Lewis and 
Rettger that they be included in the genus Lactobacillus as an anaerobic sub- 
division. 

It was the purpose of the present investigation to inquire into the validity of 
these suggestions by conducting a comparative study of the cultural, physi- 
ological and serological properties of these gram-positive forms and the appar- 
ently related oxygen-tolerating lactobacilli. As the work progressed, an inves- 
tigation was made also of the respiratory mechanisms of the different organisms, 
with a view to further establishing their interrelationships. 

The members which consitute the group that is of special interest in this 
report can be defined best as gram-positive, non-sporulating, non-motile anaer- 
obic rods of fecal origin, which do not form pigment. Their nutritional require- 
ments indicate that they are extremely fastidious, and that they are markedly 
stimulated by the addition of carbon dioxide to oxygen-free atmosphere in 
which they must be grown. They never become aerobic or microaerophilic 
upon continued cultivation in laboratory media, as do strains of the apparent!}’' 
closely related Lactobacillus bifidus type I, which are anaerobic on primary isola- 
tion, but become more tolerant to free oxygen on continued artificial cultivation. 

The anaerobes employed in this study included a collection made up of 
strains received from Dr. Eggerth and Dr. Lewis, and from our own laboratory 
stock. In addition, numerous fresh isolations were obtained from the feces of 

^ This paper covers in part the dissertation submitted to the Graduate School of Yale 
University by the seipor author as partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 
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convalescent surgical patients, and in some instances from stools of normal 
breast-fed and bottle-fed infants. The method of isolation was the same as 
that described by Egerth and Gagnon (1933), except that Bacto-peptone was 
substituted for the Parke Davis peptone in the blood-agar medium base used 
by these workers. 

The stock medium for carrying cultures was a modification of the glucose- 
cysteine agar of Lewis, Bedell and Rettger (1940). As finally used here, it had 
the following composition: 


Bacto-tryptone 
Bacto-beef extract ... 

Bacto-agar 

Bacto-dextrosc . ... 

Na 2 HP 04 l 2 H 20 

Cysteine-HCl 

Distilled water 

Beef infusion 


20.0 gm. 

10.0 gm. 
10.0 gm. 

5.0 gm. 

4.0 gm. 
0.5 gm. 

500.0 ml. 
500.0 ml. 


As a rule, 0.5 ml. of a 1:100 alcoholic solution of methylene blue was added to a liter of 
the medium as an oxidation -reduction indicator. The medium was dispensed in the desired 
quantities and sterilized by autoclaving at 120® C. for 20 minutes. 


In spite of the necessity of transferring the cultures in this medium every 
fortnight, it was more suitable for the given purpose than the brain and egg-meat 
media used by previous workers. The older media enabled the organisms to 
remain viable for longer periods of time, but they were difficult to prepare, were 
easily contaminated, and did not allow ready determination of bacterial growth. 

Gram-staining was carried out on 24-48 hour cysteine-glucose agar stab cul- 
tures. The procedure was one used in the laboratory of the Baltimore City 
Hospital and introduced into this laboratory by Dr. Mary I. Bunting. 


Staining solution : 

Saturated alcoholic solution of gentian violet 15 ml. 

Hexyl resorcinol (Sharp and Dohme, S.T. 37) 85 ml. 

Mordant solution (Burke, 1922) : 

Potassium iodide 20 gm. 

Iodine 10 gm. 

Distilled water 100 ml. 


Stain for one minute, apply mordant for one minute, decolorize with acetone 
and counterstain with one per cent aqueous safranin. 

Preparations made according to this method were more satisfactory than 
those obtained by other procedures. Reactions were clear-cut and the older 
cultures retained their gram-staining character for longer periods of time than 
when other staining procedures were followed. 

Oxygen and carbon dioxide relationships were determined by observing the 
development of the organisms under different atmospheric conditions, using the 
cysteine-glucose medium and serum-agar plates. Anaerobic conditions were 
secured with the technique described by Weiss and Spaulding (1937). The 
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influence of carbon dioj{ide was determined by introduction of the gas into 
sealed cans containing the cultures. 

For the sporulating tests 0.2 ml. of a 48-hour broth culture was added to 
five ml. of fresh broth, and the suspension heated at 100°C. for 10 minutes. 
This was followed by incubation at 37°C. for a week under anaerobic conditions. 

Motility studies were made by the hanging drop method. The organisms 
were grown in cysteine-glucose broth, as in the sporulation tests, and examined 
over a period of five days. 

Colonial morphology was studied at different stages of development on serum- 
agar and on the cysteine-glucose agar. The serum-agar was the blood agar 
described in the isolation technique, supplemented with three per cent inacti- 
vated human serum. As the reaction of this medium was markedly altered by 
the addition of the serum, it was necessary to readjust it to pH 6.8 with sterile 
ten per cent NaOH. The colonies were examined macroscopically and under 
the low power objective. 

Carbohydrate fermentation reactions were determined by the methods de- 
scribed by Eggerth and by Lewis and Rettger. These procedures appeared to 
check each other quite well, with only occasional minor differences. Bacto- 
peptone was substituted for the Parke Davis peptone in the Eggerth medium. 

The cysteine-glucose broth cultures used in the motility study were incubated 
further and tested with Kovac’s reagent for the presence of indole. The addi- 
tion of 0.05 per cent ferric ammonium citrate to the cysteine-glucose agar made 
this an excellent medium for hydrogen sulphide detection. 

For determining the reactions in milk, skim milk containing bromcresol- 
purple as an indicator was employed. 

Gelatin liquefaction tests were made in the media advocated by Eggerth and 
by Lewis and Rettger. There was a close agreement between the results ob- 
tained in the two media. 

A study was made of the gram reaction and cellular and colonial morphology 
of over 100 recently isolated strains of the gram-positive non-sporulating 
anaerobes and forty stock cultures of known lactobacilli. All of the strains 
observed were non-motile. All revealed a wide range of pleomorphism, with 
changes in cultural environment and treatment generally. Rapid transfer in- 
voked the most rapid changes in cell morphology; many bizarre forms were 
produced which were scarcely recognizable as bacteria. No attempt was made 
to describe the various forms. On the other hand, the colonial shape and 
structure of the various organisms remained constant. The colonies of the 
oral lactobacilli, which are not reproduced here, resemble the anaerobic forms 
in that they have entire edges; but they could not be mistaken easily for the 
anaerobes, because they were much larger, more viscid, and as a rule more 
raised than the latter. Furthermore, the colonies of the anaerobic organisms 
were quite granular and could be moved about whole on the plate more readily 
than the others. Indeed, colonial morphology is one of the more important 
criteria in the differentiation of the anaerobic organisms from the known lacto- 
bacilli. 
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Weiss and Rettger (1938) distinguished two types^ of Lactobacillus hifidus. 
Their type I is the classical L. hifidus of Tissier; it is an obligate anaerobe only 
on primary isolation, while their type II is described as a persistently strict 
anaerobe, no matter how long it is cultivated on laboratory media. The latter 
form was concluded to be identical with the Bacteroides hifidus of Castellani 
and Chalmers, Bacterium hifidum of Orla Jensen (1919) and Bacteroides hifidus 
Group 2 of Eggerth (1935). Our present observations showed that the ‘‘Boc- 
teroides^^ species of Eggerth, the types Al, A2 and A3 of Lewis and Rettger, 
and our own isolations had the same oxygen relationships as L. hifidus type II. 
These forms continued as anaerobes over the entire period of observation, 
whereas several cultures classed as type I lost their anaerobic nature and 
became microaerophilic on continued cultivation in the laboratory. All strains, 
aerobic or anaerobic, were markedly stimulated by the addition of carbon 
dioxide to their gaseous environment. 

Carbohydrate reactions were of value only to demonstrate homogeneity among 
the anaerobic and oxygen-tolerating organisms studied. All strains fermented 
glucose; and almost all were able to attack galactose, mannose and lactose. 
On the other hand, very few strains fermented arabinose, xylose or rhamnose, 
or any of the more complicated glucosides, such as amygdalin. Dulcitol, 
sorbitol and inositol and the sodium salts of the polycarboxylic acids were not 
attacked by any of the organisms. Failures to attack a carbon source were cor- 
related with the results subsequently obtained with the dehydrogenase test in 
which the same substances were used as hydrogen donators. It was impossible 
to draw any distinct line here of cleavage of species or groups, as the variable 
carbohydrate reactions presented a picture too confused to be unravelled. 
Twenty-six carbohydrates and related compounds were used in the fermenta- 
tion tests. 

Most of the known (facultatively aerobic) lactobacilli fermented milk, with 
the production of abundant acid and a firm curd. Many of the anaerobic forms 
reacted similarly, but a number of them appeared unable to grow in the milk 
medium used. This was in agreement with the experiences of Lewis and 
Rettger, and of Eggerth. Only a few strains liquefied gelatin. Very few pro- 
duced indole. Hydrogen sulphide was at no time demonstrable. No definite 
subgroups could be established on the basis of any of these criteria. 

RESPIRATORY ENZYMES 

This part of the investigation was planned to inquire into the nature of the 
respiratory mechanism of the gram-positive non-sporulating anaerobic rods, 
and to compare this with the system possessed by the lactobacilli projier and 
anaerobic forms belonging to other groups. The systems investigated included 
the flavin or flavin-like compounds, cytochrome oxidase, peroxidase, catalase 
and the dehydrogenases. In a further attempt to uncover the processes involved 
in the oxidation-reduction reactions of the cells a study was made of the effect 
of certain cell poisons on the amount and distribution of growth in agar shake 
cultures. 
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The first part of this study was an attempt to extract fluorescent substances 
from washed suspensions of the cells. The procedure followed was that of 
Pett (1935) ; this consisted in extracting washed cells with different concentra- 
tions of alcohol, and with acetone The solvents were in turn extracted with 
chloroform, which removed most of the fluorescent material. Illumination of 
these chloroform extractions in visible light caused a breakdown of any riboflavin 
that was present to lumiflavin. The fluorescence of these substances could then 
be detected by examination of the solutions under a mercury vapor arc lamp or 
any other suitable source of ultra-violet rays. All of the forms studied, with 
the exception of the negative control organism, Proteus sp., revealed the presence 
of fluorescent substances. The organisms studied included, besides the non- 
sporulating anaerobes, oxygen-tolerating lactobacilli, clostridia and yeasts. 

The fluorescence observed was not identical with that described by Pett or 
that seen in a stock solution of riboflavin used as a control. The extracted 
material was bluish, the control greenish. Numerous workers have attempted 
to explain such deviations from the conventional greenish fluorescence. The 
present material differed in some respects from the pigments previously de- 
scribed. The extreme dilution of our extracts may have influenced the type of 
fluorescence produced and the degree of degregation brought about by the 
extraction-illumination processes, thus altering the structure of the fluorescing 
material. 

The search for the presence of cytochrome oxidase, heat-stable peroxidases 
and catalase in the different organisms resulted in negative findings, and hence 
is discussed only briefly here. The method employed for cytochrome oxidase 
and peroxidase was that described by Keilin (1928-29), which depended upon 
the oxidation of paraphenylene-diamine-hydrochloride and resultant blue colora- 
tion. The catalase test was the simple gas evolution detection method employed 
as a qualitative test by various workers; three per cent hydrogen peroxide was 
flooded over young actively growing plate cultures. In the present study the 
medium employed was the inactivated serum-agar described earlier in this 
paper. Catalase could not be demonstrated in any of the gram-positive anaer- 
obes, nor in any of the known lactobacilli tested. On the other hand, the coryne- 
bacteria studied produced a very active catalase. 

Studies on the dehydrogenating enzymes of this group were carried out in a 
further attempt to secure data of taxonomic value. Carbohydrates were selected 
as substrates, as these organisms are primarily saccharolytic in nature. The 
method of determination was a modification of the classical anaerobic jar tech- 
nique of Thunberg. This procedure was described by Casman and Rettger 
(1933). The washed cells, chemical substrate, dye and buffer are mixed in test 
tubes set in an anaerobic jar (a Hempel desiccator is very convenient) in such a 
manner as to be visible from the outside. While the reaction begins immediately, 
decolorization does not become apparent until the jar has been completely 
exhausted with a Hy-Vac or other powerful pump. Preheating of the jar to 
incubating temperature and rapid exhaustion make the method virtually a 
quantitative one, especially with bacterial cells which react as slowly as those 
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under observation do. Normal reaction time, even for the most favorable sub- 
strate, is usually two hours or more under the conditions of the present tests. 
After many preliminary trials the following reagents and experimental condi- 
tions were adapted: 


0.25 ml. of 1:6500 aqueous solution of methylene blue (metal -free) 

0.25 ml. of 0.04 molar solution of the substrate to be studied 
0.50 ml. of cells suspended in buffer in a concentration equal to twice the number 
of cells necessary to produce a nephelometer 5.0 suspension. 


Final volume 

Temperature 

Atmosphere 

Initial and final reaction 
Time 


1.0 ml. 
45"C. 
nitrogen 
pH 6.0 
3 hours 


The cell suspensions were prepared by harvesting the growth from 24 to 48 
hour cultures on the serum-agar plates described above. These plates were 
inoculated by flooding with young glucose-tryptone broth cultures and imme- 
diately removing the excess inoculum. The plates were incubated under suit- 
able conditions, and as soon as a sufficient growth was secured the cells were 
harvested, washed in saline and resuspended in buffer solution. Washing was 
carried out but once, since further treatment tended to impair the activity of 
the cells. All suspensions had to be used within a few hours after their prepara- 
tion, since their activity fell off rapidly even at refrigerator temperature. Con- 
trols were set up of substrate-free dye-cell mixtures. 

The buffer solution employed was a Clark and Lubs phosphate buffer made 
up from 50 ml. of a 0.2 M • KH 2 PO 4 solution to which was added sufficient 0.2 N 
sodium hydroxide to produce the desired reaction, in this case pH 6.0; the entire 
solution was then brought up to 200 ml. with distilled water. The pH values 
secured were checked colorimetrically and electrometrically; they were affected 
little by the addition of the other reagents used in the tests. The buffer solution 
was very close to isotonic for human erythrocytes; it showed no evidence of 
causing lysis of the bacterial cells. 

Twenty-six chemical substrates were employed. Inasmuch as the reactions 
with the anaerobic and oxygen-tolerating groups of bacteria were quite similar, 
they are summarized briefly in tables 1 and 2. 

The results show a more or less definite relationship between the dehydro- 
genating activity of the various groups of gram-positive non-spore-producing 
rods studied, and indicate that, on the whole, similar reactions may be obtained 
for the various groups with the same substrates. 

Since many of the chemical substances which modify cellular metabolism do so 
by interfering with the enzyme systems affecting cellular oxidations, a study 
was made of the effect of cell poisons on the growth of the cultures, with the 
hope of obtaining further information regarding the respiratory mechanism of 
these groups. Because potassium cyanide yielded the most fruitful results, 
work with this agent alone is presented here. Following the lead of Burnet 
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(1927) and Braun and Guggenheim (1932), experiments were carried out in 
which the amount and distribution of growth was observed in a basal medium 
to which varying concentrations of this cell poison had been added. 

TABLE 1 


Dehydrogenase reactions of non-sporulating gram-positive rods 


SUBSTRATES USED 

ANAEROBES 

Ai AND A2 

BIEIDUS 
TYPES I AND n 

ACIDOPHILUS 

CULTURES 

ORAL 

LACTOBACILLI 

Arabinose 

-/15 

-/4 

-/4 

-/4 

Cysteine* 

15/- 

4/- 

4/- 

4/- 

Cellobiose 

11/4 

4/- 

3/1 

2/2 

Dulcitol 

2/13 

-/4 

2/2 

1/3 

Fructose 

14/1 

3/1 

4/- 

3/1 

Galactose 

15/- 

4/- 

4/- 

4/- 

Glucose 

4/- 

4/- 

4/- 

4/- 

Glycerol 

8/7 

3/1 

3/1 

3/1 

Inositol 

7/8 

-/4 

1/3 

1/3 

Inulin 

1/15 

-/4 

-/4 

-/4 

Lactose 

6/9 

1/3 

2/2 

4/- 

Maltose 

10/5 

3/1 

2/2 

2/2 

Mannitol 

14/1 

3/1 

4/- 

4/- 

Mannose 5 

8/7 

1/3 

4/- 

4/- 

Melezitose 

5/10 

1/3 

3/1 

2/2 

a-Methyl mannoside ... ... 

1/14 

-/4 

-/4 

-/4 

Raffinose 

5/10 

-/4 

-/4 

-/4 

Rhamnose . 

1/14 

-/4 

-/4 

-/4 

Salicin . 

6/9 

2/2 

2/2 

3/1 

Sorbitol 

8/7 

2/2 

3/1 

4/- 

Sucrose 

7/8 

3/1 

4/- 

2/2 

Xylose 

-/15 

-/4 

-/4 

-/4 

Fumarate 

-/15 

-/4 

-/4 

-/4 

Succinate .... 

-/15 

-/4 

-/4 

-/4 

Control t 

-/16 

-/4 

-/4 

-/4 


First figure indicates the number positive. Second figure the number negative. For 
example 3/6 means that 3 strains were positive, and 6 negative in the given dehydrogenase 
test. 

* Control to check efficiency of the anaerobic method. 

t Cell suspension plus dye, and twice the cell suspension plus dye, without substrate. 

The basal medium used in these experiments was the semi-solid glucose- 
tryptone medium of Lewis, Bedell and Rettger described earlier in this report.^ 
Agar shake tubes containing the potassium cyanide in the desired concentra- 

* A serum-peptone semi-solid agar was also used which gave results quite similar to 
those obtained in the glucose-tryptone medium. Because this medium became opaque 
upon development of the cultures, the results are omitted here. 
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TABLE 2 

Reaction of different substrates in the dehydrogenating action of non-sporulating gram-positive 

rods 

Substrates serving as H acceptors: 
d-Fructose 
d-Galactose 
d -Glucose 
d-Mannitol 

Substrates failing to act as H acceptors: 

d-Arabinose Sodium citrate* 

Inulin Sodium fumarate 

a-Methyl mannoside Sodium oxalate* 

1-Rhamnose Sodium succinate 

d-Xylose Sodium tartrate* 

Substrates giving varied reactions with the different members of the group of bacteria 
under study: 

Cellobiose d-Mannose 

Dulcitol Raffinose 

Glycerol Salicin 

1-Inositol d-Sorbitol 

Lactose Sucrose 

Maltose Melezitose 

* The results obtained with these substrates are not included in the data reported in the 
preceding chart, as they were carried out under conditions somewhat different from those 
described. 

TABLE 3 


The influence of cyanide on the distribution of growth in cultures of various bacterial forms 


ORGANISM 


CONCENTRATION OF POTASSIUM CYANIDE USED 



1:500 

1:1000 

1:2000 

1:5000 

1:10,000 

None 

Anaerobe No. 1 of our isolation 

C 

CD 

ODE 

ODE 

ODE 

ODE 

Anaerobe No. 2 of our isolation 

C 

CD 

ODE 

ODE 

ODE 

ODE 

Anaerobe No. 1 Eggerth isola- 
tion 

_ 

0 

ODE 

ODE 

ODE 

ODE 

Anaerobe No. 2 Eggerth isola- 
tion 

? 

0 

CD 

ODE 

ODE 

ODE 

L. bifidus type II 

- 

0 

CD 

ODE 

— 

ODE 

L. bifidus type I 

- 

0 

CD 

ODE 

ODE 

ODE 

L. acidophilus ... 

BCDE 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

L. hulgaricus 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

L. pentoaceticus 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

Escherichia coli 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

Salmonella pullorum 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

Clostridium sporogenes 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

ABODE 

Bacillus megatherium 

A 

A 

A 

A 

A 

A 

Bacillus mcsentericus . 

A 

A 

A 

A 

A 

A 

Staphylococcus aureus 

BCDE 

BCDE 

BCDE 

BCDE 

ABODE 

ABODE 


? = questionable growth. ■— = no growth. The letters indicate growth in the respec- 
tive zones to which they refer. 
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tions were employed. The stratification described below occurred in tubes that 
were heavily seeded from tryptone broth cultures of the respective organism. 
The inoculum finally adopted was 0.1 ml. of a 24 to 48 hour culture. The final 
pH of the inoculated tubes was brought to pH 7.0~7.2. 

Not only was inhibition of growth observed in the cyanide sensitive tubes, 
but also an uneven distribution of growth through the tubes, as is shown in 
table 3, with the aid of the accompanying schematic drawing (fig. 1). 

There was definite growth inhibition of the positive non-sporulating anaerobes 
and L. hifidus type I in the deepest layers (D and E) of the tubes containing 


A 

0 



Fig. 1. Illustrating Different Zones 

A = surface growth. B — area just below surface in which the dye is not reduced (5-10 
mm. in depth). C = border between the reduced and oxidized medium. D = approxi- 
mately 30 mm. depth below the line marked C. E — remainder of the tube. 


the KCN in the higher concentrations, namely 1:500, 1 : 1000 and 1:2000. This 
was in sharp contrast to the results obtained with Lactobacillus acidophilus, 
L. bulgaricus, L. pentoaceticus, Escherichia coli, Salmonella pullorum and Clos- 
tridium sporogenes, all of which grew throughout the tubes, except L, acidophilus, 
which failed to produce a surface growth. The organisms differed also from 
Bacillus megatherium and Bacillus mesentericus, which developed a surface growth 
only, and from Staphylococcus aureus, which produced uniform growth through- 
out the tubes in all cyanide dilutions except surface growth in dilutions 1:500 
to 1:5000. 

Thus the results indicate a definite cyanide-sensitive system in the anaerobic 
organisms and L. bifidus type I. We may conclude that this system is not flavin, 
as flavins are not known to be injured by cyanide. While these forms are defi- 
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nitely inhibited by the higher concentrations of KCN, they are apparently 
indifferent to the weaker solutions, and may be regarded therefore as having 
both a KCN-sensitive and insensitive system. 

In contrast to the dual reaction of the anaerobes and L, hifidus t5T)e I to KCN, 
L, acidophilus, L. pentoaceticus, E, coli, S, pulhrum and C. sporogenes were 
insensitive to all of the KCN dilutions employed, except L. acidophilus in the 
highest concentration. 

The results obtained here support in a large measure those of Burnet (1927) 
and of Braun and Guggenheim (1932). 

The use of indole and phenol as possible cell poisons revealed that the gram- 
positive intestinal anaerobes were as resistant to these agents as the known 
oxygen-tolerating intestinal lactobacilli. 

SEROLOGICAL APPROACH 

Agglutination, agglutinin absorption, precipitation and complement fixation 
tests were conducted on the non-sporulating gram-positive organisms under 
special study here and several well-known lactobacilli. Only the complement 
fixation method furnished information that could be of any value. Agglutina- 
tion reactions showed such a high degree of strain specificity as to make the 
results worthless. The agglutinin absorption and precipitation methods were 
disappointing also; the former, because of our failure to develop agglutinating 
sera of very high titre, and the precipitin test because not sufficient antigen 
could be extracted from the cells to serve the purpose. On account of the more 
or less indifferent results obtained with these three methods, considerable atten- 
tion was given to the fixation method. 

Previous studies of complement fixing relationships of gram-positive rods 
have centered principally around the diphtheria and diphtheroid groups. Bluh- 
dorn (1910) employed extracts of L. acidophilus and L. bifidus as antigens in 
complement fixation reactions. He was able to observe inter-relationships 
between different strains of these organisms, but was able also to demonstrate 
species differences. Jotten (1922) observed group specificity in some of the 
strains, and not in others. Kulp and Rettger (1924) conducted complement 
fixation studies on autolyzed cells of L. acidophilus, L, bifidus and L, bulgaricus. 
Reactions obtained with heterologous and homologous immune sera were suffi- 
ciently strong to relate these organisms all to one and the same serological 
group. Hunt and Rettger (1930) showed marked relationships among grain 
and soil lactobacilli by this procedure. 

The bacterial antigens employed in the present study were freshly washed 
suspensions of cells made up to a turbidity of 2 on the McFarland nephelometer 
scale. The organisms were grown on serum agar plates (pH 6.6 to 6.8)* incu- 
bated at 37°C. for 24 to 48 hours. The final saline suspensions were heated to 

® When the medium was adjusted to a reaction above pH 6.8, the resultant antigen was 
found to possess a highly anti -complementary titer. Older cultures were useless for the 
same reason. In one instance an antigen prepared from an old (five days) culture showed 
anticomplementary activity in dilutions of 1:10,000,000. 
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60®C. for one hour. Since antigens which were kept longer than 24 hours, 
even in the refrigerator, developed anti-complementary activity, it was neces- 
sary to prepare fresh suspensions daily. The antigens so prepared were titrated 


TABLE 4 

Complement fixation tests 


ORGANISMS 


SERUM DILUTION* 


CONTROLS 

(1} Un- 
diluted 

(2) 1:2 

(3) 1:4 

(4) 1:8 

(5) Antigen 

(6) Serum 

Intra-group relationships 




Anaerobic strains isolated from 
same stool 







(1) 

+ + 


4-4 

- 

- 

— 

(2) 

+H- 

++ 

44 

— 

— 

— 

(3) 

+ + 


44 

4 

— 

— 

Anaerobes from other sources 
Lewis types Ai and A 2 







(1) 

+4- 



— 

— 

— 

(2) 

+ + 

++ 

— 

— 

__ 


(3) . . 



44 

— 

— 


(4) 

+ + 

++ 

- 

- 

— 

- 

(5) 


+4- 

44 

44 

— 

— 

L. bifidus type II 







(1) 

+ + 

+-f 

44 

— 

— 


(2) .. 



44 


— 

— 

(3) . . 

+ + 


44 

— 

— 

— 


Inter-group relationships 


L. bifidus typo I 







(1) 

44 

— 

— 

— 

— 


( 2 ) 

++ 

- 

- 

— 

- 

— 

L. acidophilus 







Wickerham strain . 

44 

44 

— 

— 

— 

— 

Sherman strain 

44 

44 

— 

— 

— 

— 

Oral lactobacilli 







(1) 

44 

44 

- 

- 


— 

( 2 ) . 

44 

44 

- 

- 


— 

(3) . 

44 

— 

— 

— 

— 

— 

Doderlein^s bacillus 

44 

44 


- 

- 

— 

L. bulgaricus 

— 

— 


— 

— 

— 


-j- 4 . « complete fixation of complement, -h = partial fixation of complement. — = no 
fixation of complement. 

* This particular serum was prepared against strain K-13. Similar results were obtained 
with other strains. 


for hemolytic and anti-complementary activity. The specific complement- 
binding power of several representative preparations of these antigens for 
homologous antisera lay in the neighborhood of 1 : 12,000 (as compared to anti- 
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complementary (non-specific) titers in the same preparation of only 1:50 and 
1:125). For this reason it was not deemed necessary to check the titer in all 
preparations. For the test dose of antigen one-third of the lowest dilution of 
reagent revealing anticomplementary activity was adopted. This was usually 
around 1:150 to 1:400. 

The antisera employed were prepared in the usual manner. They were inac- 
tivated at 55°C. for thirty minutes, and preserved in the lyophilized state, in 
order to prevent' objectionable increase in anticomplementary activity. 

The hemolysin against sheep’s red cells was developed in rabbits by the usual 
procedure. The complement was secured by cardiac puncture of two or more 
male guinea pigs. The red cells were prepared in 5 per cent suspension and 
mixed with the complement immediately before use, to make a final concentra- 
tion of 2.5 per cent centrifuged cells and two units of amboceptor. 

An attempt was made to determine the relationship of the various anaerobic 
strains, first to each other, second to the facultative intestinal lactobacilli, 
third to the oral and other lactobacilli, and finally to organisms outside of the 
lactobacillus genus. The data on the gram-positive non-spore formers are sum- 
marized in table 4. 

Tests made on members of the subtilis group, several coccus forms, Escherichia 
coli, Salmonella pullorum, Proteus vulgaris and several Bacteroides (gram- 
negative) organisms gave negative fixation reactions. Corynehacterium diph- 
theriae, on the other hand, was definitely positive to the test. 

The data presented in table 4 indicate the existence of a more or less definite 
relationship between the different species or groups of gram-positive, non-sporu- 
lating bacteria of various origin; also that the strains of the anaerobic division 
are more closely related to each other than they are to the other lactobacilli 
studied. 


SKIN SENSITIVITY TESTS 

Further study led to an inquiry into the specificity of local skin reactions 
which were observed earlier in sensitized rabbits that had been injected locally 
with antigenic cellular preparations from homologous cultures. 

Bacterial cells were employed in both the sensitization and reacting doses, 
since previous experiments had shown that extracts of the cells were non- 
antigenic. Over 350 tests were conducted on 30 different rabbits. The sensi- 
tizing doses were as a rule a series of two or three graded (0.5 to 1.0 ml.) 
suspensions of the test organisms having a density of 2.0 in the McFarland neph- 
elometer scale. The injections were made in the marginal ear vein; they were 
timed with reference to the skin tests, which followed after a week to ten days 
after the last injection. The antigens were as a rule suspensions of live cells 
harvested from 24-28 hour growths on serum agar plates. The few experi- 
ments conducted with heat-killed antigens showed that the heating did not render 
the cells visibly less antigenic. All shocking injections were made intradermally 
with 0.25 ml. of live cell suspensions having a density of 2.00. Control tests 
were conducted with sterile broth, milk, human serum and saline solution. 
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The lesions produced as a result of the intradermal injection of the antigen 
following the sensitizing doses appeared within three days. Pseudo-reactions 
which disappeared soon were frequently observed at the end of twenty-four 
hours. These reactions were non-specific and were believed to be due to the 
irritant action of the mass of cells present in the shocking dose. A typical 
positive reaction may be described as follows. The bleb produced by the intra- 
dermal injection of the antigen disappeared in a short time, and no change could 
be noted at the site of injection for 18-20 hours. Soon after this the skin 

TABLE 5 


Skin reactions to cellular bacterial antigens in rabbits sensitized to gram-positive 
non-sporulating anaerobic rods 


CULTUBES 

NUICBEB OF 

BEACTION IN BABBITS 

Strains 

Tests 

Normal 

Sensitized 

Anaerobic gram-positive rods 





Groups Al, A2 and A3 of Lewis 

8 

63 

0 

+ + 

Anaerobic gram-positive rods from Eggerth .... 

3 

25 

0 


Microaerophilic **Bacteroides^* bifidus from 





Eggerth .. . . 

2 

7 

0 


Anaerobic rods of our own isolation 

12 

49 

0 

+ + 

Aerobic oral lactobacilli 

4 

79 

++• 

+ + 

Aerobic intestinal lactobacilli. . 

4 

16 

— 

— 

Aerobic grain and dairy lactobacilli 

2 

16 



Corynebacteria 

4 

16 

(delayed lesions in 




toxin-producing 




strains) 

Anaerobic gram-negative rods (Bacteroidcs) of 





Eggerth 

3 

7 

- 

- 

Other gram-positive and gram-negative organisms f 

14 

52 

— 

— 

Saline, broth, serum, etc .... 

5 

19 

— 

— 


* It will be noted that the oral strains of lactobacilli produced lesions in the skin of the 
rabbits, whether the animals had been sensitized or not. Because of this action the value 
of the test is limited when applied to this part of the lactobacillus group. The same was 
observed also, but to a lesser extent, with the dairy and grain forms. Killed antigens 
reacted similarly, but to a lesser degree. 

t Including E, coli, S. pullorumf Bacillus subtilisy Micrococcus ureae and Staphylococcus 
aureus. 

became reddened and infiltrated, so that it could be taken between the fingers 
in a fold; it also became definitely thickened. The swelling and redness con- 
tinued to increase, and reached their heighth in about forty-eight hours, when 
the site of injection presented a swollen area of about fifteen millimeters in 
diameter surrounded by a second reddened zone of approximately equal diame- 
ter. The lesion seemed tender, although the animals evidenced no discomfort 
when moving about or lying down. In a few severe cases these lesions became 
necrotic and broke down in the center, healing taking place only after a long 
period of time, usually at least 2 or 3 weeks. 
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This reaction was typical for all homologous strains employed. There was a 
definite grading in severity among reactions produced by heterologous strains 
in both homologous and heterologous groups. However, the intergroup separa- 
tions were much more marked than the intragroup alignments. The group 
relationship is indicated in table 5. 

DISCUSSION AND SUMMARY 

The present investigation has served to further establish two facts which are 
of paramount importance; first, that the gram-positive non-sporulating anaerobic 
bacteria of intestinal origin, which were the chief object of study here, hold no 
legitimate place among the gram-negative non-spore-producing anaerobes of 
similar host origin, the so-called ^‘bacteroides” group, and second that they con- 
stitute a homogeneous group of their own. 

The gram-staining properties, cell morphology, and cultural and physio- 
logical characteristics link these anaerobic organisms definitely with the lacto- 
bacilli in general, particularly the intestinal forms, Lactobacillus acidophilus and 
L. bifidus. The presence of certain respiratory enzymatic agents (flavin or 
flavin-like substances and dehydrogenases) and the absence of others, namely 
catalase, cytochrome, oxidase and peroxidase also reveal a close relationship. 

Potassium cyanide exerted a poisoning influence on all of the species or sub- 
groups studied, but the action was much more pronounced in the cultures of 
the anaerobes than in those of the facultative aerobes. 

Resistance to the action of indole and phenol was decidedly greater among the 
anaerobes in question and in the related intestinal organisms than in the lacto- 
bacilli of non-intestinal origin. 

Colony size and morphology served, on the whole, to separate the different 
subgroups from each other, but they can not always be employed as important 
classification criteria, even though the colonial characteristics of the different 
species were reasonably constant. 

The serological approach to the differentiation problem offered little of real 
value. Complement fixation tests pointed to definite heterogeneity among 
the different groups, but this was limited and served only in a broad way to 
separate the gram-positive intestinal anaerobic forms from the facultative 
aerobes in the group at large, and from true intestinal bacteroides. 

The skin test (Arthus phenomenon) was in fair agreement with the comple- 
ment fixation test; it has some merit in separating the intestinal gram-positive 
anaerobes from the facultative groups of various origin. Proper controls and 
exact titration of reagents are highly essential in the conduct of this test. 

Pathogenicity tests on mice and rabbits gave negative results, except in rabbits 
that were injected with oral lactobacilli; these cultures caused marked local skin 
lesions. 

Relation of free oxygen to the growth of members of the Lactobacillus genus 
under present study constitutes the only criterion of far-reaching importance in 
the separation of the organisms in the group as a whole into component parts 



BACTERIA OF INTESTINAL TRACT 


315 


or subgroups, particularly when it is supplemented by knowledge of the origin 
of the organisms under observation. 

Inquiry into the relationship of the strictly anaerobic forms with Eggerth’s 
Bacteroides hifidus (Group 2) and Orla-Jensen’s Bacterium bifidum has forced 
upon us the conclusion that these two organisms and the gram-positive anaerobic 
rod forms receiving special attention here are so intimately related to each other 
that they should be regarded as one and the same species, and that the name 
suggested by Weiss and Rettger (1938) for intestinal anaerobic gram-positive 
non-sporulating rods, namely Lactobacillus bifidus type II, be applied to 
the group. 

Note: During the course of catalase study two strains of the intestinal gram-positive 
non-sporulating anaerobes gave positive tests for this enzyme. These strains were set 
apart for future investigation. Quite recently they were found by Dr. H. Albert Barker, 
visiting fellow in our laboratory, to produce large quantities of volatile acids, chiefly pro- 
pionic, in appropriate carbohydrate media. This observation and the demonstration by 
us of catalase activity suggest a close relationship of these organisms with the propionic 
acid bacteria, rather than the lactobacilli. This question awaits further study. 
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A STUDY OF THIOBACIJJATS THIOOXIDANS WITH THE 
ELEcrrRox mciioscoPK 
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B(‘C(‘ivc‘(l for publication Xov(‘inl)('r 27, 11141 

TJdohacillufi thiooxidarifi, an ol)ligato autotrophic sulfur-oxidizing bacterium^ 
has r(H‘('ived considerable atb'iition because of tlu' intenjst and inii)ortanc(' at- 
tached to a knowledge of its physiology. In 1h(‘ original (h\scription of the or- 
ganism (Waksman and Jolfe, 1922) was incliidt'd a photomicrograph th(' (‘ssential 
features of which are reproduced from our own cultures in figun* 1. W(' have 

recently had the opi)()rtunity to (‘xamine pun* cultur(*s of this microorganism in 
th(* RCA (*l(M*tron microscopt*, using distilled wa1(*r susf)ensions prepared and 
mierogra])hed by methods ])reviously described (Tbnbreit ct at. 1941, Marton 
1941). Tht'se electron micrographs (figures 2 through 6) seem to relate* so 
dir(*ctly to the* original photomicrograph that we hav(* felt that thc*y would be 
of interest to bact(*ri()logists (*v(*n though the interpr(‘tations we* have placeid 
uj)e)n the evide*ne‘e at hanel may be* modifie*eI by future study. We have re- 
])eate*dly noteei the* fe)rms ibunel in tlmse micre)graphs in e*enintle*ss preparations 
studie*d in the* light micie)se‘e)pe by a variety of staining me*the)ds. Thear ob- 
servation in the e*le‘ctre)n micre)sce)pe illustrates, we* believe, the profound efi’ect 
which the latter instrunie*nt will exe*rt upon bacte*rie)le)gy. 

OnSKUVATIONS 

The e*ells e)bserve*d se*e*m te) fall inte) three* ge*neral ty])es with transition stages 
sennetime*s evielent. These are: 

4'ype I (] by 0.5^) ; staiiuibh* alcoholic crystal violet (Waksman and Jofte, 1922) 

or better with crystal violet followed by iodine (Uinbreit et al., 1941 ) Under staining pro- 
c(‘dur(*s they frequently exhibit a “dipolar” appearance (fig 1, a) It has recently beaui 
shown (Uinbreit et al., 1941) that these dipolar bodies consist of a highly unsaturat(*d fat 
and are involved in the process of sulfur oxidation The electron micrographs {a in figs. 
2, 4, 5) show the same type of cell as relatively opaipie to the (‘h'ctron beam The dijiolar 

appearance notial in the stained cells is not evident in the electron micrographs. This is 
due to either of two possibilities, one, that the electron beam does not distinguish between 
the fat and other cell constituents, or, two, that the high vacuum in the microscope* has 
evaporated the fat fnmi the cell Since the fat is (piite volatile this would be a definite 
fiossibility and the slightly opaepie granules noted in some cells of figures 2 and 3 might be 
r(*garded as residues from the evaporation. 

Type 11 (2-3 by 0.5 /z) ; evid(*rit in the photoinicrograjih in which it appears as a relatively 
homogenous cell of elongated form (fig. 1, h). Such cells might arise by a delay in cell 
division as seems to have been the case in certain forms noted (see h in figs. 2 and 3). But 
in others (figs. 5 and 6) a more complex structure is noted. In figure 6, particularly, the 
internal spiral structure, whose nature and function are unknown, is strikingly evident. 

RCA Fellow of the National Research Council. 
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All of these longer types are relatively opacjue to the electron beam and stain almost as 
readily as the Type I cells. 

Type 111 (M .5 by 0.5-0.8 m) do not stain readily (fig. 1 , c) and are much less opaque to the 
eU‘ctron beam. We would regard types labeled c in figures 2 and 3 as representatives of 
this type and ac in fig\ire 4 as a transition form between Type I and Typo 111. 



Fig. 1. TiiioBAcn.LUs Thiooxidans, in Lkhit Microscope, Stained witii C^rystal 

Violet 

Top — three day culture. Bottom — twenty day culture. Original {){){) X. hJnlarge- 
meiit 2 X. Total magnification 1800 X. 

Fig. 2 THioBAi’iiiLus Thiooxidans, Unstained, in Flectron Microscope. 12,000 X 

Fig. 3. As Figure 2 

In addition, flagella may be noted {d in figs. 3 and 0) but it is probably of some 
significaiK^e that most of the cells are nonflagidlated. In figure 4 there is a faint 
halo around certain cells; this w(' believe to be the bacterial cell-wall away from 
which the opaque, black, protoplasm has shrunk. (Mudd et aLy 1941). 
We regard the exceedingly faint ‘‘halo” extending for about a micron around the 
cells in figure 6 as an artifact dev(4oped in the preparation of the specimen. 
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Flu. 4. As Fkjure 2 
Fig. 5. As Figure 2 

Fig. 0. Thi()BA('Illus Thiooxidvns, rxsTAiXEi), in Electron AIicroscope. H),()()l) X 


intf:kphetation 

It is obvious that any interprutation of the nature^ of th(' stnietun's otisurvi'd 
in these' cells is decidedly premature and we theu’efore advance' neine. IleFwever, 
it may l^e of value te) pehnt out that a culture of T. thioondam is not a horno- 
ge'ne‘e)us e'ntity but contains cells of all stage's eif growth, eif all elegrees eif nutri- 
tion, anel uneler envireinmental conditions (particularly low pTI) which are 
elecide'dly detrimental to other forms. In the ceiurse' of its greiwth ein sulfur the 
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organism synthesizes a reserve storage product which enables it to live in the 
absence of oxidizable sulfur (Vogler, 1941). This supply of reserve food is 
sufficient for a considerable period of survival but will not last indefinitely. 
When it has been used up the cell dies and undergoes a slight autolysis. One 
might regard cells of Type I as those having a high reserve of storage products 
and those of III as being dead cells whose storage products had been utilized. 
Further work is necessary to determine whether this explanation is suitable. 
The structures observed in figure 6 present an interesting problem in bacterial 
cytology and their function and nature are matters for further study. 

SUMMARY 

Electron micrographs of Thiobacillus thiooxidans reveal that the cells possess a 
thin cell- wall differentiated from the internal protoplasm. TIk^ cells may be 
roughly divided into three categories: 

1. Oval cells containing so much internal matter that they appear o})aque to 
the electron beam. 

2. Elongated cells containing less internal matter and exhibiting a wide vari- 
ety of structures, granules, vacuoles, and even spirals. 

3. Oval cells containing very little matter. 

Flagella, which arc about 17 m^ wide, occur only rarely. Comparisons of these 
micrographs with those of the light microscope are made and the possible physio- 
logical interpretations of the observed structures are briefly discussed. 
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V. THE MULTIPLICATION CUKVB 

Bacteriologists have often wondered why the so-called “logarithmic growth 
phase,” i.e., the phase of truly exponential multiplication, is so short in our cul- 
ture media. With the rapidly growing aerobes and facultative anaerobes which 
are the conunon organisms for general growth studies, this phase where the cells 
multiply at a constant rate does not last more than 2 to 4 hours at or near the 
optimal temperature. 

As a rule, the logarithmic multiplication curve begins to deviate from the 
straight line when the ceU population has reached approximately ten million 
bacteria per ml. 

The facts mentioned in chapters II and III of this treatise (J. Bact., 41 , pp. 
226 & 234, 1941) give a simple explanation of this short period of constant mul- 
tiplication rate. It had been shown there that with most oxygen-consuming 
bacteria, the supply of oxygen dissolved in the medium is exhausted by the time 
these bacteria have reached 2 to 10 million cells per ml. Further multiplication 
will proceed at the same rate only on the surface, where oxygen from the air is 
continually renewed, but not at the bottom where anaerobic decomposition may 
still provide energy for growth, but at a much slower rate. The deviation of the 
logarithmic multiplication curve from the straight line indicates therefore, that 
the dissolved oxygen in the medium is exhausted. 

This can be proved very simply by comparing the same organism in an or- 
dinary flask culture and in an aerated culture. Figure 1 shows this for Psevdo- 
monas fluorescem in nutrient broth. While the ordinary culture in an Erlen- 
meyeivflask had a constant rate of multiplication only from 2 to 6 hours, the 
aerated culture, although delayed at first, multiplied at a constant rate from 4 
to 12 hours. The initial delay by aeration which is a regular occurrence will be 
explained in chapter VI. Other examples showing that aeration greatly extends 
the period of a constant multiplication rate will be foxmd in figures 3 to 6. 

In order to test these assumptions in a different way, and to make the argu- 
ment more convincing, a calculation has been made of the depth to which the 
oxygen of the air will penetrate into a growing culture with more than 10 million 
bacteria per ml. BcuMus mesenlencus was grown in air-saturated peptone solu- 
tion in four cultures; one was continuously aerated; one was a 200 ml. culture in a 
2 liter Erlenmeyer-flask; the other two were kept under oil, one with methylene 
blue to indicate the moment of complete oxygen exhaustion, the other without 
the dye to see whether methylene blue would influence the growth or death rate. 
The results are shown in table 1. All data are averages of triplicate plates. 
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Multiplication was uniform in the last three cultures until the dissolved oxy- 
gen was used up. Then the bacteria under oil died rather rapidly at first as had 
been shown in chapter IV (J. Bact., 41, p. 241) while the Erlenmeyer-flask cul- 
ture continued to multiply, though the rate decreased progressively. Aeration 
caused the usual initial retardation, but multiplication continued, though some- 
what more slowly after the 8th hour, quite rapidly until the 12th hour. 

At 8 hours, the two aerobic cultures had practically the same number of cells, 
16.3 and 16.8 millions per ml. The aerated culture multiplied in 2 hours to 74.7 
millions, requiring 48 minutes for doubling. The bacteria on the surface of the 
Erlenmeyer culture must have doubled at the same rate, but at the bottom, 



Fig. 1. Multiplication op Pseudomonas fluorescens in an Ordinary Flask Culture 

AND IN THE SaME MeDIUM StRONGLY AeRATED 

without oxygen, they died at the same rate as the cultures under oil at the time 
the oxygen gave out, i.e., at least half of them died in 2 hours. Let us call the 
volume of culture receiving oxygen then the volume without oxygen is 200 — x 
as the total culture is 200 ml. In the x ml., the bacteria multiply to 74.7 million 
per ml. while in the rest of the culture, numbers decrease from 16.8 to 8.4 million 
per ml. The total number of bacteria in the culture is, 

74.7 X + 8.4 (200 - x) = 18.9 • 200 
X = 31.7 ml. 

Only 32 ml. of this culture received sufficient oxygen to permit bacterial mul- 
tiplication. The surface of the culture was 14 cm. in diameter, or 154 cm.* in 
gUrface, which shows that the oxygen penetrated only 2.05 mm. below the surface. 
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Assuming the same rate of multiplication for the next two hours when oxygen 
was provided, only 27 ml. of the culture received oxygen. 

These calculations have assumed that all the oxygen came through diffusion 
from the surface. However, the culture had been shaken to obtain the samples 
for the plate counts, and there must have been convection currents carrying 
oxygen into the medium. In a perfectly quiet culture, the surface layer that 
receives oxygen from the air above must be even less than 2 millimeters thick. 

While this exhaustion of oxygen explains the short period of constant mul- 
tiplication rates with aerobic and facultative organisms, it does not apply to 
streptococci and lactobacilli which do not consume oxygen in great amounts and 

TABLE 1 


Multiplication of Badllua meaentericus in 1 per cent peptone solution with different 

oxygen supply 


TIME 

BACTERIA PER CX7B1C MILIJMETER 

Continuously aerated 

In Erlenmeyer flask, 
quiet 

Covered with oil, 
methylene blue 

Covered with oil, no 
methylene blue 

hours 





0 

61.7 

61.7 

61.7 

61.7 

1 

58.3 


101.7 

68.7 

2 

91.7 


107.3 

91.0 

3 

140.0 

190.0 

340.0 

263 0 

5 

650.0 

1,943 

4,870 

4,470 

5.5 



8,000 

7,500 

6 

1,770 

6,500 



6.5 



7,970 

2,197 

7 

5,500 

10,870 



7.5 



4,160 

1,907 

8 

16,300 

16,800 



10 

74,000 

18,930 

3,087 

890 

11 



2,210 

1,770 

12 

120,500 

20,500 

2,385 

1,700 

13 


25,000 

1,800 

1,450 

26 

245,000 

44,500 

1,600 

1,100 


which are not speeded up by aeration (see e.g. fig. 5). Their early retardation 
of multiplication is not due to oxygen, and will be treated in a separate paper. 

VI. FINAL CROPS AND THE AUTOTOXIN THEORY 

That the final crop of microorganisms in a given culture medium may be greatly 
increased by aeration, has been found empirically by the Vienna bread yeast 
manufacturers who discovered this fact some 40 years ago. Two other processes 
use aeration on an enormous scale, namely vinegar manufacture and sewage dis- 
posal by trickling filters or contact beds. In both processes, the proof of a 
larger microbial crop through aeration is only indirect, but none the less con- 
vincing. 

The application of this long-known fact to laboratory technique has been quite 
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slow. Among the first to show the great increase by aeration in the crop of 
facultative anaerobes were Winslow, Walker, and Sutermeister (1932). They 
grew Escherichia coli in broth with and without lactose, and found that aeration 
caused at first a slight delay, but soon afterwards a more rapid growth, a longer 
period of constant multiplication and a final cell population 5 to 10 times as 
large as that in unaerated controls. Since then, aeration has been used fre- 
quently when large quantities of cells were wanted. 

The following experiment does not contribute any new facts in regard to cell 
populations, but is mentioned to explain a point in technique. A Mycoderma 
which oxidizes lactic acid rapidly was cultivated in a mineral medium with NHs 
as only source of nitrogen, and lactic acid as only source of carbon. When the 
original amount of 1 per cent lactic acid was depleted, more concentrated acid 
was added. 

Table 2 shows that multiplication without aeration had soon reached its peak 
while aeration increased the cell concentration enormously. An interesting and 


TABLE 2 

Effect of aeration upon a mycoderma oxidizing lactic acid 



NON-AERATED CULTURE 


AERATED CULTURE 





Total acid 
consumed 

1 Cells per cm* 


Total acid 
consumed 

Cells per cm* 

Liquid 

Foam 

1st day 

gm.iUter 

0.00 

1,700,000 

gm.lliter 

0.00 

11,000,000 


2nd day 

0.54 

1,500,000 

5.76 

60,000,000 


3rd day 

0.90 

2,700,000 

10.44 

101,000,000 

770,000,000 

4th day 

1.71 

2,000,000 

12.15 

105,000,000 

690,000,000 

6th day 

4.68 

15,000,000 

Discontinued 



experimentally important point is the accumulation of cells in the foam. Foam- 
ing is a common difficulty in aeration experiments. Media containing peptone 
have a stable foam, and other media develop a stable foam by bacterial growth. 
The cell concentration in foam was always found to be much larger than in the 
liquid medium, and disregard of the foam may cause a great experimental error. 

These aeration experiments explain very simply a phenomenon in multiplica- 
tion of bacteria which has heretofore led to the assumption of specific, growth- 
inhibiting metabolic products. Eijkman (1905) working with Escherichia coli 
and independently Rahn (1906 and 1932) working with Pseudomonas fluorescens 
observed' that cultures which had reached the maximal population, showed nor- 
mal growth ‘again if they were either filtered or heated, and reinoculated. Rahn 
could repeat thii^ 6 times with the same culture, the multiplication becoming 
slower each timej but’ reaching nearly the same endpoint. In all, the total crop 
obtained by 6 successive cultures was about 10,000,000,000 cells per ml. while 
the growth of a normal culture ceased at about 1,000,000,000. He came to the 
same conclusion As Eijkman that the multiplication was stopped by a thermo- 



OXYGEN DEMAND AND OXYGEN SUPPLY 


325 


labile compound secreted by the cells, an ‘‘autotoxin’’ which was destroyed by 
heat or adsorbed at the filter. 

The present investigations show that the “normal” culture ceases to increase 
because bacteria die in the lower strata from lack of oxygen as rapidly as they 
multiply on the very surface. Filtration or heating kills or removes the bac- 
teria, and multiplication begins anew after the sterilized liquid has dissolved 
new oxygen. The food concentration becomes gradually less, resulting in a 
slower multiplication rate, but the limiting factor for the final crop is to the very 
last the availability of oxygen. 

VII. CONVECTION CURRENTS 

In chapter III (J. Bact., 41 , p. 234), it had been shown that oxygen diffusion 
is very slow, and that saturation of liquids with dissolved oxygen is accomplished 
more readily by convection currents. These currents cannot be standardized 
experimentally; the only way to measure their influence is to compare liquid 
cultures which are subject to convection currents with either solid cultures, or 
with continuously agitated cultures which would represent the other extreme. 

The best way to avoid convection currents without changing the liquid charac- 
ter of the culture is the addition of 0.1 to 0.2 per cent of agar. This simple 
means produces an excellent growth with Clostridia, according to Spray (1933), 
while Rippel (1936) obtained a better nitrogen fixation by Azotobacter, and Vir- 
tanen (1936) a much better growth of Aspergillus, The effect with Clostridium 
is easily explained; the oxygen consumption by the medium is sufficient to pre- 
vent any oxygen from reaching the bottom of the testtube by diffusion (see 
Chapter III). The stimulation of the aerobic cultures is not so easily explained, 
and required some special experiments. 

The general method employed in these experiments is shown in figure 2. 
Three large testtubes, each holding 50 ml. of broth, were sterilized and aerated 
after cooling by bubbling through them a current of air to which about 1 per- 
cent CO 2 had been added. When the broth was saturated with air, i.e., after 
about 30 minutes of aeration, the aeration tubes of two test tubes were pulled 
back above the surface of the broth so that the air was renewed, but the liquid 
not disturbed. All tubes were then inoculated and to one tube, enough melted 
5 per cent agar was added to make the agar concentration 0.1 to 0.2 per cent. 
Thus, all three tubes had an equal inoculum and an equal oxygen concentration 
at the start. In one tube, the oxygen concentration was maintained at satura- 
tion by continuous aeration. In another, diffusion as well as convection currents 
were the means of replacing oxygen consumption, and in the third, convection 
had been prevented, and diffusion was the only means of oxygen replacement. 

Three representatives of quite different groups were studied in this way. 
namely Bacillus svbtilis, Pseudomonas fluorescens, and Streptococcus lactis, 
With each species, two series of tests were made simultaneously, one with air 
and one with oxygen. In each case, carbon dioxide had been added to the gas 
used for aeration. The results are shown in table 3. In the analysis of this 
table, it must be considered that the initial oxygen concentration of all cultures 
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growing with air was the same, and that the oxygen concentration of all cultures 
treated with oxygen was also uniform, but 5 times as large as that of the set 
saturated with air. During the first 6 hours of growth, the oxygen concentra- 
tion cannot have changed much, for the highest cell concentration reached was 
600,000. Any differences during this time must therefore be due to other causes. 
After 24 hours, the oxygen at the bottom of all cultures must have been ex- 
hausted, excepting those with continuous aeration. Any differences at this 
time are primarily due to differences in oxygen supply. It must be further con- 
sidered that the error in plating is considerably greater for the agar cultures 



Fig. 2. Method used in Aekation Experiments 

All tubes are at first saturated with air or oxygen, then the aeration tube is withdrawn 
from the liquid in tubes II and III as shown. 

than for liquid cultures, because the separation of individual cells will be less 
complete. 

The first six hours of the tests for the three species are shown in figures 3, 4, 
and 5. They show that pure oxygen retarded the initial growth of B, subtilis 
and S. lactisy but not of P,jluorescens, This agrees with the observation of Berg- 
haus (1907) that Bacillus anthrads was killed by 1.5 atmospheres of oxygen 
pressure in 24 hours, while Pseudomonas pyocyanea could tolerate 75 atmos- 
pheres. In most cases, the agar cultures are the first to come out of lag and 
multiply. As this happens before the oxygen concentration can have changed 
materially, it must be due to the absence of convection currents in the agar cul- 
ture. This can be explained in the following way: 

The transferred cells were old; they had ceased to grow, and their metabolism 
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TABLE 3 


The effect of aeration by oxygen and by air on the multiplication of different bacteria 


BOUXS 


OXYGEN 



AIR 


Continuous j 

Convection + 

Diffusion 

Continuous 

Convection *f I 

Diffusion 


saturation 

diffusion 

only 

saturation 

diffusion | 

only 


Cells per ml. of Bacillus subtilis 


0 


17,300 

17,300 

17,300 

20,900 

20,900 

20,900 

1 


16,000 

13,800 

13,800 

18,500 

16,700 

23,750 

2 


14,950 

14,100 

17,500 

]9,200 

16,450 

16,800 

3 


11,800 

12,700 

10,900 

21,300 

15,050 

23,200 

4 


13,800 

12,400 

13,300 

22,850 

17,150 

19,900 

5 


18,750 

15,000 


31,800 

25,500 

54,500 

6 


25,150 

23,000 

18,500 

50,700 

39,500 

113,500 

9.6 

top 

bottom 

77,000 

110,000 

75,000 

245,000 

386,000 

400,000 

360,000 

1,015,000 

24 

top 

bottom 

371,000,000 

63,000,000 

51.000. 000 

18.000. 000 

251,000,000 

38,000,000 

15.000. 000 

23.000. 000 



Cells per ml. of 

Pseudomonas fluorescens 



0 


41,100 

35,700 

37,000 

20,600 

16,700 

14,800 

1 


37,800 

34,700 

37,400 

18,700 

15,500 

17,300 

2 


40,100 

34,100 

38,900 

15,300 

14,700 

18,000 

3 


44,200 

36,700 

31,000 

17,900 

17,100 

17,100 

4 

top 

bottom 

52,700 

44,000 

45,100 

73,400 

21,700 

17,600 

24,700 

20,400 

5 


78,000 

59,000 

56,500 

30,000 

26,600 

52,500 

6 

top 

bottom 

115,500 

105,000 

97,500 

171,000 

48,000 

48,500 

50,500 

37,200 

9 

top 

bottom 

506,500 

570,000 

1.485.000 

1.875.000 

310,500 

241,500 

530.000 

258.000 

13 

top 

bottom 

4,045,000 

3,745,000 

6,000,000 

1.925.000 

2.440.000 

2,685,000 

3.970.000 

4.905.000 

4,950,000 

840,000 

25 

top 

bottom 

1,620,000,000 

179.000. 000 

114.000. 000 

412,000,000 

5,500,000 

430,000,000 

140.000. 000 

129.000. 000 

39.000. 000 

36.000. 000 



Cells per ml 

of Streptococcus lactis 



0 


8,200 

9,800 

10,300 

11,300 

12,300 

11,300 

1 


9,400 

9,500 

9,500 

11,400 

11,900 

11,100 

2 


11,300 

11,300 

9,600 

14,500 

15,600 

13,500 

3 


17,000 

17,000 

12,100 

26,500 

29,000 

24,900 

4 

’t 

top 

bottom 

42,000 

42,500 

18,000 

37,500 

56,000 

97,000 

38,500 

67,000 

5 


116,500 

136,500 

70,000 

220,000 

281,000 

291,000 

6 

top 

bottom 

309,000 

371,000 

160,000 

230,000 

660,000 

1,085,000 

770.000 

655.000 

10 

top 

bottom 

9,400,000 

55,400,000 

22,100,000 

3,050,000 

54,000,000 

16,750,000 

66,500,000 

85,000,000 

12 

top 

bottom 

74,000,000 

86,000,000 

382,000,000 

341,000,000 

398,000,000 

544,000,000 

623.000. 000 

859.000. 000 

24 

top 

bottom 

168,000,000 

686,000,000 

347.000. 000 

700.000. 000 

1,290,000,000 

446,000,000 

345.000. 000 

445.000. 000 
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Fig. 3. The First 9 Hours of Multiplication op Pseudomonas fluorbscens in Aerated 

AND Quiet Cultures 



Fig. 4. The First 9 Hours op Multiplication op Bacillus subtilis in Aerated and 

Quiet Cultures 
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had become slow; the enzyme systems were no more fully active. In the new 
medium, the new environment makes its impact from all sides. The cell con- 
tents are not in equilibrium with the medium, and compounds begin to diffuse in 
and out. Among the incoming substances, oxygen is the most threatening. It 
would be welcome if the cells were prepared for it, but as the enzyme systems are 
still largely inactive, the oxygen begins to react with cell constituents. Perhaps 
the enz3rme systems are prepared only to utilize the reserve materials of the cell, 
and new food does not diffuse as rapidly as oxygen. Doubtless, it takes some 
time before the enzymes are brought back to normal working condition. Up to 
this time, oxygen is threatening the vital parts of the cell, the native proteins 
and the molecules responsible for repair and for growth. 



Fig. 5. The first 6 Hours of Multiplication of Streptococcus lactis in Aerated 

AND Quiet Cultures 

If oxygen comes in too rapidly, it oxidizes vital parts irreparably, and causes 
death. The cell can cope only with a limited amount of oxygen. The rate of 
oxygen intake depends upon the concentration in the immediate surroundings 
of the cell. If the cell is imbedded in agar, the dissolved oxygen of the environ- 
ment will be lowered by diffusion into the cell, and further oxygen diffusion into 
the cell will be much slower. In a liquid medium, the immediate neighborhood 
may be changed by convection currents; the oxygen-depleted medium around 
the cell may be replaced again and again by oxygen-saturated medium. The 
redox potential necessary for life may thus never be established in the cell or 
in its immediate surroundings, and the cell finally dies from exhaustion. 

This theory has several general experiences in its favor. Aside from figures 
3, and 4, and 5, there is figure 1 showing that aeration, i.e., agitation, retards 
development. The experiments have already been mentioned of Winslow, 
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Walker and Sutermeister who observed retardation by aeration, and even com- 
plete inhibition in a synthetic medium. Webster (1925) made Bacterium lepisep- 
tidum grow well and without lag at reduced oxygen pressure while it would not 
grow aerobically if the inoculum was small. 

Another experience supporting this theory is the observation by Rahn (1906), 
Penfold (1914), Graham-Smith (1920), Ingraham (1933), and others that the 
lag phase becomes shorter when the inoculum becomes larger. It is easily seen 



Fig. 6. Multiplication of Pseudomonas pluorescbns with Different Amounts of 

Oxygen Supply 

that more bacteria will be able to remove excess oxygen more rapidly, and thus 
establish optimal conditions for growth earlier. 

The most striking example, however, is our general confidence in plate counts. 
We take it for granted that each single cell from a liquid culture will produce a 
colony in an agar plate. However, if we transfer the same liquid culture to a 
new medium, we transfer at least a loopful, and often 2 or 3 loopfuls, and if the 
culture is old, we may even transfer half a milliliter. This apparent contradic- 
tion in our everyday behavior is probably not due to thoughtlessness, but the 
result of empirical experience. It agrees with the above explanation. 

The last 12 hours of the cultures of the two aerobic species agree with the state- 
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merits of the preceding chapters. As soon as the oxygen at the bottom of the 
liquid is exhausted, multiplication becomes slow or zero. Only from this time 
on do aerated cultures develop more rapidly then the quiet cultures. Figure 6 
gives some of the logarithmic multiplication curves for Pseudomonds, It is 
worth noting that the oxygen-aerated culture still shows a constant growth 
rate after 25 hours when the cell concentration is more than a billion per ml. 
and the bacteria at the very surface of the corresponding agar tube also show no 
decline in the rate while the air-aerated cultures have begun to slow down. 
Bacillus subtilis also shows a higher final cell concentration in oxygen, but the 
difference is not great. Unfortunately, the fluctuation in the plate counts of 
top and bottom samples of the agar cultures are too great to permit any conclu- 
sions. 

Quite different from the above two cultures is the Streptococcus. Oxygen 
retarded it more than air, and aeration by oxygen gave a surprisingly small final 
crop. Even the unaerated oxygen culture remained very low to the 12th hour. 
Since the cells consume hardly any oxygen, its concentration remains quite high 
for a long time. The larger number of cells in the air-aerated culture may be 
due to the effect of stirring. 


SUMMARY 

V. The rate of multiplication of most bacteria remains constant only for a 
few hours because the dissolved oxygen of the medium is soon exhausted, and 
from then on, the rate of multiplication is constant only at the very surface where 
oxygen from the air is available. Experiments permit the calculation that oxy- 
gen docs not penetrate deeper than 2 mm. Below this thin surface stratum, 
facultative anaerobes multiply more slowly while strict aerobes do not multiply 
at all; usually, they decrease in number. 

VI. Aeration does not necessarily increase the rate of multiplication, but it 
maintains it constant for a long time and thereby brings about a much larger 
bacterial crop. Aerated cultures may have 10 times as many bacteria as quietly 
standing cultures. With Streptococcus lactis, the number of cells is not greatly 
affected by aeration; pure oxygen decreases it. 

VII. The delayed start of aerated cultures is explained by the assumption 
that a solution saturated with oxygen is harmful to resting cells whose enzyme 
mechanism is not working at the normal rate of multiplying cells. An old cell 
in a new environment establishes a zone of optimal conditions in its immediate 
neighborhood, probably at the expense of reserve compounds. If this is con- 
tinually disturbed, e.g. by convection currents, the cell will finally die from 
exhaustion. The good growth on agar may be due merely to the prevention of 
convection currents. 

REFERENCES 

Berghaus, W. H. 1907 Ueber die Wirkung der Kohlensaure, des Sauerstoffs und des 
Wasserstoffs auf Bakterien bei verschiedenen Druckhohen. Arch. Hyg., 62 , 172-189. 
Eijkman, C. 1905 Ueber thermolabile Stoffwechselprodukte als die Ursache der nattir- 
lichen Wachstumshemmung der Bakterien. Zent. Bakt. Parasitenk., I, Orig., 37, 
436 and 41 , 367. 



332 


OTTO RAHN AND G. L. RICHARDSON 


Gbaham-Smith, G. S. 1920 The behavior of bacteria in fluid cultures as indicated by 
daily estimates of the number of living organisms. J. Hyg. 19, 133-145. 

Howell, S. F., and Sumner, J. B. 1934 The specific effects of buffers upon urease ac- 
tivity. J. Biol. Chem. 104, 619-626. 

Ingraham, M. £. 1933 The bacteriostatic action of gentian violet and its dependence 
on the oxidation-reduction potential. J. Bact., 26, 573-598. 

Penfold, W. J. 1914 On the nature of bacterial lag. J. Hyg., 14, 215-226. 

Rahn, Otto 1906 Ueber den Einfluss der Stoffwechselprodukte auf das Wachstum der 
Bakterien. Zentr. Bakt. Parasitenk., II, 82, 418-429. 

Rahn, Otto 1932 Physiology of Bacteria. Baltimore, Blakiston, p. 235. 

Rippel, a. 1936 Ueber die Wirkung von geringen Mengen Agar auf Wachstum und 
Stickstoffbindung von Azotobacter und auf andere mikrobiologische Vorgange. Arch. 
Mikrobiol. 7, 21-234. 

Sprat, R. S. 1933 A semi-solid medium for anaerobic cultivation. J. Bact., 26, 38. 

ViRTANEN, A. I. 1936 Bemerkungen zu der Arbeit von A. Rippel: * ‘Ueber die Wirkung 
von geringen Mengen Agar auf Wachstum und Stickstoffbindung von Azotobacter und 
auf andere mikrobiologische V organge . Arch . Mi krobi ol . , 7 , 488-489 . 

Webb, B. H. 1935 Color development in lactose solutions during heating. J. Dairy 
Sci., 18, 81-96. 

Webster, L. T. 1925 Biology of Bad. lepisepticum. J. Exptl. Med., 44, 571-578. 

Winslow, C.-E. A., Walker, H. H., and Sutermbister, M. 1932 The influence of 
aeration and of sodium chloride upon the growth curve of bacteria in various media. 
J. Bact., 24, 185-208. 



THE PRODUCTION OF ACTIVE RESTING CELLS OF 
STREPTOCOCCI 

A. J. WOOD AND I. C. GUNSALUS 

Laboratory of Bacteriology, College of Agriculture, Cornell University, Ithaca, New York 
Received for publication December 1, 1941 

Nearly all of the recent studies relating to the nutrition of microorganisms 
have been directed toward raising the largest possible cell crop in a medium of 
known chemical composition, without regard to the physiological activity of the 
cells harvested from the medium. The purpose of the present study has been 
to produce resting cell suspensions of streptococci with sufficient activity and 
stability to permit metabolic studies. In this first attempt to obtain highly 
active cells, knowledge of the chemical composition of the medium has been 
sacrificed. It should not be too much to expect, however, that it will be possible 
to raise, in media of known composition, cells of high physiological activity. 

A number of reports in the literature, including those of Farrell (1935) and 
Callow (1926) indicate the difficulties encountered in the preparation of physi- 
ologically active suspensions of streptococci. 

METHODS 

A typical strain of Streptococcus mastitidis^ number 70b, (Lancefield group B) 
from the departmental stock culture collection was used in the experiments here 
reported. The general conclusions have, however, been confirmed with several 
strains of group B organisms, including two from human sources. 

The Thunberg method using methylene blue as the hydrogen acceptor was 
employed as a criterion of cellular activity, or more precisely of dehydrogenase 
activity. This method was chosen with the hope of detecting mechanisms in 
the cells other than the pure lactic fermentation for which these organisms are 
known. The method also has the advantage of being rapid, and easy enough to 
handle a number of cultures when necessary. 

The Thunberg experiments were run at 40°C. in the conventional tubes with 
the following quantities of reactants: 


In side arm 1 ml. 1:4,000 methylene blue 

In tube 2 ml. m/15 phosphate buffer pH 7.2 

1 ml. m/ 20 substrate 

1 ml. cell suspension in m/30 phosphate buffer. 
(Cells 10 times the concentration in which 
they grew) 


The tubes were allowed to come to the temperature of the bath and evacuated. 
After sufficient time for temperature equilibrium to be reached, the methylene 
blue was added from the side arm. The time required for 90 per cent reduction 
of the methylene blue present was recorded (Quastel and Whetham, 1924). In 
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most experiments this reduction time was relatively short, but agreement be- 
tween duplicate tubes was well within 10 per cent. 

Methylene blue as a hydrogen acceptor for work with streptococci has been 
objected to on the basis of its toxicity toward this group of organisms (Farrell, 
1935). It is true that a very low concentration of methylene blue is toxic to 
the growth of streptococci, especially in broth. However, in these experiments, 
with resting cell suspensions of group B streptococci the toxicity of methylene 
blue was not an important factor. Figure 1 indicates that, with the cell con- 
centration used, the toxicity of methylene blue is not apparent until a concen- 
tration greater than one part in twelve thousand is reached, as indicated by a 
linear relationship between reduction time and methylene blue concentration. 
One part of methylene blue in twenty thousand final concentration was selected 
as a satisfactory level. In earlier experiments one part of methylene blue in 



Fig. 1. Effect of Methylene Blue Concentration on Reduction Time 

forty thousand was used and found to be satisfactory with more dilute cell sus 
pensions. 

Glucose was used as substrate in determining conditions for the production 
of active cells. Its use could be criticised on the basis of the complexity of the 
reactions which it undergoes with these organisms. On the other hand, although 
glucose is readily metabolized by these organisms, adverse conditions frequently 
affect reactions with it more readily than with other substrates (Quastel and 
Wooldridge, 1927). In addition, glucose permits the study of adaptive enzymes 
for various carbohydrates. 

The amount of growth was expressed in terms of bacterial nitrogen, as deter- 
mined by the micro-kjeldahl method of Pregl (Niederl and Niederl, 1938). This 
method was selected as giving more accurate and reproducible results with these 
long chain-forming organisms than would the conventional plate count (Mueller, 
1935). The method is not unduly tedious for the number of determinations re- 
quired and gives the added advantage of yielding results rather promptly. No 
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attempt has been made to determine the proportion of dead cells in the sus- 
pensions. 

Preliminary studies of factors involved in the preparation of cell suspensions 
included the age of the culture, incubation temperature, size of inoculum, and 
mode of washing the cells. For a given medium, cells of satisfactory activity 
could be obtained by growing at 37°C. and harvesting near the end of the 
logarithmic growth phase. Three washes with | the growth volume of m/30 
phosphate, pH 7.2, produced cells with a low endogenous rate of reduction of 
methylene blue without material decrease of the reduction rate in the presence 
of substrates. In all experiments recorded in this paper the time for methylene 
blue reduction in the absence of substrate was over two hours. In studies with 
substrates which had high reduction rates, less washing could be used without 
the endogenous respiration accounting for too great a percentage of the experi- 
mental values. Twelve to fifteen-hour cultures grown at 37°C. from a 0.1 per 
cent inoculum fulfilled the conditions described above and were therefore used 
in the following experiments. 

After washing, the cells were suspended in ^ their growth volume and 1 ml. 
of the suspensions was used in the Thunberg tubes, as described above. Thus, 
the values for bacterial nitrogen (figs. 2-5) are milligrams per 10 ml. of growth 
medium, equal to mgm. per ml. of cell suspension. Dilution of the cell suspen- 
sions gave the conventional type of curves as indicated by Quastel and Wool- 
dridge, (1924) with Escherichia coli and by Farrell (1935) with streptococci. 
The conditions in these experiments were such that doubling the cell concen- 
tration approximately halved the reduction time, and halving the cell concen- 
tration approximately doubled the reduction time. 

RESULTS 

A number of media, as well as the effect of varying the amount of carbohy- 
drate, were studied before it was found that cells of predictable activity could 
be grown in a medium composed of Bacto-tryptone, yeast extract, phosphate 
buffer, and a small amount of glucose. By varying the concentration in the 
growth medium of each of the above constituents while the others were held 
constant, the effect of each on the physiological activity and stability of the 
cell suspensions prepared from different media was determined. 

Effect of tryptone 

The effect of varying the concentration of tryptone from 0 to 2 per cent in a 
medium containing 1 per cent yeast extract, 0.5 per cent K2HPO4 and 0.1 per 
cent glucose is shown in figure 2. The quantity of bacterial nitrogen increased 
linearly from 0.13 mgm. per 10 ml. of medium in the absence of tryptone to 
0.26 mgm. with 2 per cent tryptone, or a twofold increase. The rate of reduc- 
tion of methylene blue by resting cell suspensions was three times as great in a 
medium containing 1 per cent tryptone as in a medium without tryptone. The 
increase in quantity of cells, about 50 per cent in the presence of 1 per cent tryp- 
tone, is not sufficient to account for the increased activity. A further increase 
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in tryptone from 1 to 2 per cent gave approximately the same increase in growth 
as from 0 to 1 per cent, with only a slight increase in the methylene blue reduc- 
tion rate. In subsequent experiments 1 per cent tryptone was used as a satis- 
factory concentration. 



Fig. 2. Effect or Tryptone Concentration in the Growth Medium on Cell Crop and 
Rate of Methylene Blue Reduction by the Cell Suspensions 
Harvested from the Medium 

Effect of yeast extract 

The effect of varying the yeast extract concentration from 0 to 2 per cent in a 
medium containing one per cent tryptone, 0.5 per cent K2HPO4 and 0.1 per cent 
glucose is shown in figure 3. Only a small increase in bacterial nitrogen occurred 
with the increase in the yeast extract concentration, but a very marked increase 
in the reduction rate did occur. The addition of 0.2 per cent yeast extract, to 
the growth medium, increased the methylene blue reduction rate of the cell 
suspensions harvested from the medium by 400 per cent, whereas the growth 
was increased by less than 10 per cent. Further increase in the yeast extract 
concentration from 0.2 to 1 per cent approximately doubled the reduction rate, 
while the growth increased by about 15 per cent. Further additions of yeast 
extract, up to 2 per cent, increased neither the quantity of growth nor the activity 
of the cells harvested from the medium. 

Upon storage of the cell suspensions in the refrigerator those cells harvested 
from media containing yeast extract were more stable than those from media 
which contained only tryptone, phosphate, and glucose (table 1). Cells har- 
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Fig. 3. Effect of Yeast Extract Concentration in the Growth Medium on Cell 
Crop and Rate of Methtlene Blub Reduction by Cell 
Suspensions Harvested from the Medium 

TABLE 1 


Effect of growth in yeast extract on the stability of cells during storage 


CONC. OF YSAST EX. 
XMtifEDIXm 

IfXNUTBS FOE 90 PER CENT REDUCTION OF 1: 20,000 
METHYLENE BLUE 

ACTIVITY RETAINED 

Lnmediately alter 
centrifuging 

After 24 boure at 8*C. 

Twelve-hour cells 

per cent 



per cent 

0 

24.00 

>60 

<40 

0.2 

6.00 

8.8 

68 

0.5 

5.25 

8.0 

65 

1.0 

3.50 

5.5 

65 

1.5 

3.10 

3.4 

91 

2.0 

2.80 

3.3 

85 

Twenty-four-hour cells 

! 

0 

28.0 

>60 

<45 

0.2 

10.5 

23 

45 

0.5 

8.0 1 

19 

42 

1.0 

5.5 

10.5 

52 

1.5 

3.6 

7.0 

50 

2.0 

3.10 1 

6.0 

50 
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vested from 12-hour cultures, in addition to having greater activity, were more 
stable than those harvested from 24-hour cultures. Therefore 12- to 15-hour 
cultures were used. 

A concentration of 1 per cent yeast extract was considered satisfactory for 
most work, but occasionally 1.5 per cent was used when cells were to be stored. 
No attempt has been made in this work to ascertain which constituent or con- 
stituents of the yeast extract were responsible for this marked effect. 

Effect of buffer 

The buffer concentration in a medium containing 1 per cent each of tryptone 
and yeast extract and 0.1 per cent glucose was varied from O'-O.l molar (fig. 4) 



0 0.02 0.04 0.06 0.08 O.IO 

PHOSPHATE CONCENTRATION (MOLAR) 

Fig. 4. Effect of Buffer Concentration in the Growth Medium on Cell Crop, Final 
pH IN THE Medium, and Rate of Methylene Blub Reduction 
BY Cells Harvested from the Medium 

Small concentrations of buffer increased the quantity of growth slightly. This 
is compatible with the work of Hewitt (1932) which indicates a stimulation in 
the rate of the lactic fermentation on the addition of phosphate. On the other 
hand, the stimulatory effect may be due to the buffering capacity which would 
keep the reaction at a favorable level for growth over a longer period of time. 
Concentrations of buffer above 0.04 molar showed an inhibitory effect on the 
growth of these group B streptococci. The methylene-blue reduction rate was 
increased markedly up to a concentration of 0.02 molar phosphate. Although 
the concentration of phosphate ions over this range may be of importance in de- 
termining the cellular activity, the increased buffering action must not be over- 
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looked. (The effect of the final pH in the growth medium will be discussed with 
the effect of the sugar content of the medium.) In the range from 0.02 to 0.04 
molar phosphate the amount of growth and the reduction rate, as well as the 
final pH of the medium, (indicated by numbers above bacterial nitrogen curve) 
were approximately constant. Above 0.04 molar phosphate the cellular activity, 
as well as the amount of growth, decreased. Therefore, a phosphate concen- 
tration of 0.03 molar (0.5 per cent) was used for growth of group B organisms. 

Effect of glucose 

By varying the glucose concentration in a medium containing 1 per cent each 
of tryptone and yeast extract and 0.05 per cent K 2 HPO 4 , a marked effect of the 



Fig. 5. Effect of Glucose Concentration in the Growth Medium on Cell Crop, 
Final pH in the Medium, and Rate of Methylene Blue Reduction 
BY THE Cells Harvested from the Medium 

final pH in the growth medium upon the activity and stability of the cells ap- 
pears (fig. 5). The numbers just above the bacterial nitrogen curve indicate 
the pH in the growth medium from which the cells were harvested. Cells 
grown in a medium which became more acid than pH 6.8 had less activity than 
those grown in a medium which was not allowed to reach this acidity. Very 
great decrease in the cell activity occurred when the final pH in the growth me- 
dium fell below 6.5. As can be seen from figure 5, there is a marked decrease 
in the methylene blue reduction rate in spite of a great increase in the cell nitro- 
gen. With the higher levels of glucose the endogenous respiration was increased 
somewhat. 
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DISCUSSION 

The Thimberg method is applicable to the streptococci, which have strong 
dehydrogenase activity when the cells are properly prepared. The toxicity of 
methylene blue for these organisms is not so great in resting suspensions as in 
growing cultures. The more exacting nutritional requirements, the generally 
low level of S3mthetic powers, and the lack of an adequate aerobic mechanism 
among these organisms necessitate more exacting conditions for the preparation 
of resting cells. For example, strong aeration, as suggested by Quastel and 
Whetham (1925) for the removal of reducing material from suspensions of E. 
colt in the production of resting cells has been used by Farrell (1935) and Kata- 
giri and Kitahara (1938) with streptococci and lactobacilli. The aeration, 
satisfactory in the preparation of resting cell suspensions of E. col% is not only 
unnecessary but deleterious when applied to these lactic acid types. With 
streptococci the age of the culture is of more importance than with some types 
of bacteria. 

The necessity of accessory factors or amino acids for the production of active 
cells is indicated by the stimulatory effect of higher levels of yeast extract and 
tryptone. 

The fact that it is possible to raise resting cells of increased activity, that is, 
greater rate of methylene-blue reduction without increased growth, in a medium 
rich in yeast extract, suggests the possibility of a higher level of accessory sub- 
stances per cell. Additional evidence of this possibility is offered by the observa- 
tion that above a certain level, when more cells are raised per volume of medium, 
the activity is related to the volume of medium from which the cells were har- 
vested and not to the quantity of cells. 

The decrease in cellular activity when the final pH in the growth medium falls 
serves also to indicate the sensitivity of these organisms. This result recalls 
the observation of Lwoff and Lwoff (1937) on the sensitivity of Hdemophilus 
infliienzae to lowered pH in the growth medium. 

It is our opinion that a number of observations on the absence of dehydro- 
genase activity in streptococci, and variability in activity of cell suspensions, 
may be traced to variation in one or another of these factors. 

The use of methylene blue as a hydrogen acceptor is a method of setting up 
an artificial system the reaction rate of which may not be an accurate index to the 
metabolism of the organism. For example, it has not been shown that the con- 
ditions outlined for the production of cells with a high dehydrogenase activity, 
using methylene blue as the hydrogen acceptor, are necessarily the best con- 
ditions for the lactic fermentation. The criticisms offered by Barron and Jacobs 
(1938) as to the possibility of not observing certain dismutation reactions by 
this method has not been considered. This would not, however, invalidate posi- 
tive results obtained by the method. 

It is possible to produce streptococcus cells of high metabolic activity and low 
endogenous metabolism by growing them in a medium containing a high con- 
centration of nitrogenous constituents and accessory factors and a low concen- 
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tration of carbohydrate, or energy source. Under these conditions the cells 
will cease to multiply for lack of energy source while they are in a neutral me- 
dium of high nutritional quality. Because their energy-supplying mechanism 
is depleted, the cells will have a low endogenous metabolism. This is more 
easily accomplished with streptococci than with a number of other organisms 
because fewer substances serve as satisfactory energy sources. 

SUMMARY 

Resting cell suspensions of streptococci of high physiological activity, low 
endogenous respiration, and fair stability have been produced. This has been 
accomplished by growing them in a well-buffered medium, rich in nitrogen and 
accessory factors, and low in carbohydrate, followed by washing in neutral 
phosphate buffer. It has been shown that streptococci grown under these con- 
ditions have, in resting suspensions, strong dehydrogenase activity. 

The cells should be harvested near the end of the logarithmic growth phase, 
from a medium that is not allowed to become more acid than pH 6.8. 

Methylene blue is not toxic to resting cell suspensions of group B streptococci 
at a concentration of 1 part in 20,000. Therefore, this concentration, or less, 
of methylene blue is satisfactory as a hydrogen acceptor in dehydrogenase 
studies. 
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INTRODUCTION 

Osmophilic yeasts comprise an economically important group of organisms 
through their ability to grow in concentrations of sugar which suppress “ordi- 
nary'' yeasts and thereby cause spoilage of various food products of high sugar 
content by alcoholic fermentation. Various species causing spoilage of honey 
have been described by Nussbaumer (1910), Richter (1912), Marvin (1928), 
Fabian and Quinet (1928), Lochhead and Heron (1929) and Sacchetti (1932a). 
Sugar-tolerant yeasts have been isolated from cane syrup by Owen (1913) and 
Hall, James and Nelson (1937), from maple syrup by Fabian and Hall (1933), 
from concentrated grape must by Kroemer and Krumbholz (1931) and Sac- 
chetti (1932b), from cream fondant candies by Shutt (1925) and Church, Paine 
and Hamilton (1927), from dried fruits by Mrak and Baker (1940), while in this 
laboratory similar types have been found as the cause of spoilage of orange 
marmalade, molasses, maple butter and candies. 

Though species of Saccharomyces, Schizosaccharomyces, Torula and Mycoiorula 
have been found capable of growing in solutions of high sugar concentration, 
members of the genus Zygosaccharornyces are particularly prominent as sugar- 
tolerant forms. Not only are these yeasts the most commonly encountered 
osmophilic types, but certain species of Zygosaccharornyces, even when outnum- 
bered by other yeasts, may develop and play the chief part in fermentation 
(Lochhead and Farrell, 1931). 

For the proper nutrition of the common yeast, Saccharomyces cerevisiae, it is 
now recognized that in addition to a suitable supply of salts and sugar with 
adequate nitrogen source, accessory growth-promoting nutrilites are required. 
Such growth factors have usually been referred to collectively as “bios" or as 
contributing to the so-called “bios effect" first demonstrated by Wildiers (1901). 

The multiple nature of “bios" came to be recognized chiefly through the work 
of Miller and associates (c/. Eastcott, 1941). Following the discovery by East- 
cott (1928) of inositol as the first pure substance with “bios" activity, yeast- 
growth-promoting properties of other compounds have been demonstrated — 
thiamin by Williams and Roehm (1930); biotin by Kogl and Tonnis (1936); 
pantothenic acid by Williams et al, (1933) as well as its cleavage product, /3-ala- 
nine by Williams and Rohrmann (1936); and pyridoxin (vitamin Be) by Schultz, 
Atkin and Frey (1939) and Eakin and Williams (1939). 

More recently Williams, Eakin and Snell (1940) have shown the relationship 

^ Contribution No. 139 (Journal Series) from the Division of Bacteriology and Dairy 
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of inositol, biotin, pantothenic acid, thiamin and pyridoxin to the growth of 
strains of Sdccharomyces cerevisiae. Such findings have not only helped to con- 
firm Miller’s work on the complementary effect of “bios” fractions, but have 
shown that the effect of “bios” is due essentially to a mixture of substances now 
recognized as vitamins, a relationship first postulated by Williams (1919). 

Growth-factor requirements for osmophilic yeasts were first indicated by 
Farrell and Lochhead (1931) who found Zygosdccharomyces mellis to respond to 
the addition of at least two substances present in complementary fractions 
derived from honey. Neither substance was identical with inositol, when the 
yeast was tested with Bios I and Bios II of Miller. Farrell (1935) later found 
Bios IIA and Bios IIB necessary for growth of the same species which, unlike 
Wildier’s yeast, gave little response upon addition of Bios I. 

In view of the lack of information as to growth requirements of sugar-tolerant 
yeasts as a group, and the availability of crystalline substances with known 
“bios” effect, the experiments here reported were planned to note the effect of 
the important yeast nutrilites (c/. Williams, 1941) upon the growth of 23 strains 
of the genus Zygosaccharomyces, These represented 18 species, all but six of 
which were isolated in this laboratory, the sources being indicated in table 1. 

METHODS 

The yeasts were cultured in 200-ml. Erlenmeyer flasks containing 30 ml. of 
basal salts-sugar solution, with addenda as required to give a total volume of 40 
ml. The basal solution was prepared to give a final concentration as follows: 
KH2PO4, 0.2 per cent; MgS 04 -71120, 0.05 per cent; (NH 4 ) 2 S 04 , 0.3 per cent; 
CaCb, 0.025 per cent and glucose, 40 per cent. Nutrilites were added as re- 
quired sufficient to give a final concentration per ml. as follows: inositol, 50 
/xg; pantothenic acid (calcium pantothenate Merck), 0.1 yg; biotin (S.M.A. 
Corporation), 0.0001 yg; thiamin (S.M.A. Corp.), 0.1 jug and pyridoxin (S.M.A. 
Corp.), 0.2 jug. Beta-alanine, when used in place of pantothenic acid, was added 
at the same concentration. The flasks were autoclaved at 15 lb. pressure for 
10 minutes. This treatment minimized caramelization of sugar and proved 
adequate with the concentration of glucose used. 

The yeast suspensions for inoculation were prepared from 4- to 8-day cultures 
on glucose-honey-yeast agar of 40 per cent sugar concentration. Cells were 
washed three times in 10 per cent glucose solution and finally suspended in the 
basal medium. All suspensions were standardized to a turbidity giving 40 
per cent light transmission of the clear basal solution. Flasks were inoculated, 
in duplicate, with 1 drop (0.05 ml.) of standard suspension. 

Cultures were incubated at 28°C. Since osmophilic yeasts differ from Sac- 
charomyces cerevisiae in being economically important as spoilage organisms 
rather than as useful agents of industrial fermentation, and since they develop 
more slowly, growth after longer periods of incubation may be considered of more 
importance than in the case of the latter yeast. Incubation was continued for 
eight days during which time flasks were shaken daily. Measurements of 
growth were made usually at two-day intervals by means of a Luxtrol photo- 
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electric turbidimeter. In addition to the variations in growth factor addenda 
being studied, all series of flasks included inoculated controls of the basal medium, 

TABLE 1 

Effect of omission of single nutrilites on growth of osmophilic yeasts 
in 40 per cent glucose solution 


PERCENTAGE LIGHT TRANSMISSION (4 DAVS, 28*C.) 
(uninoculated CONTROL = 100) 
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Group A 










H3 

Zygosaccharmoyces sp. 

Maple butter 

97.3 

79.4 

78.3 

82.6 

97.2 

75.8 

78.4 

78.0 

S3 

Zygosaccharomyces sp. 

Maple equipment 

97.3 

66.6 

67.1 

71.4 

99.4 

64.5 

67.1 

66.9 

S5 

Zygosaccharomyces sp. 

Maple equipment 

97.4 

71.4 

75.1 

74.3 

99.4 

68.6 

74.0 

73.8 

C3 

Zygosaccharomyces sp. 

‘'Exploded** candy 

98.1 

76.3 

76.3 

77.9 

99.9 

72.8 

75.7 

74.5 

Z1 

Z. variabilis 

(K. and K.)* grapes 

97.6 

79.4 

81.3 

78.8 

96.6 

77.0 

79.1 

78.2 

Z2 

Z.felsineus 

(S) ^ cone . wine must 

97.3 

68.6 

68.2 

73.1 

95.6 

69.4 

71.3 

72.2 

Z5 

Z. nadsonii 

N.C.T.C.* 

98.9 

74.5 

74.7 

78.2 

97.0 

70.4 

71.2 

72.4 


Group B 










139 

Z. rugosus 

Normal honey 

98.1 

68 0 

66.4 

88.4 

97.9 

69.3 

70.4 


Ex4 

Z. rugosus 

Honey tank 

99.4 

64.1 

61.2 

92.1 

99.8 

63.1 

63.8 

63.4 

S6 

Zygosaccharomyces sp. 

Maple equipment 

98.7 

77.3 

76.6 

82.9 

100.1 

76.5 

77.5 

78.0 

58 

Z. barkeri 

Normal honey 

96.1 

71.0 

70.6 

86.2 

98.9 

72.7 

72.0 

67.0 

Z4 

Z. barkeri 

N.C.T.C. 

98 3 

71.0 

74.4 

90.2 

99.2 

76.8 

75.0 

74.1 

A2 

Zygosaccharomyces sp. 

“Exploded** candy 

100.0 

70.2 

68.6 

80.1 

100.0 

67.5 

71.7 

72.2 

Ml 

Z. richteri 

Fermented honey 

99.1 

67.7 

68.0 

84.6 

97.4 

74.2 

71.3 


Z3 

Z. amoeboidus 

(K. and K.) fruit 


1 

1 









syrup 

99.7 

63.7 

64.7 

73.4 

100 5 

56.9 

61.5 

61.7 

427 

Z. acidifaciens 

(N)® acid wine 

99.7 

70.9 

71.7 

80.2 

99.5 

74.5 

70.3 



Group C 










9 

Z. japonicus 

Normal honey 

96.9 

66.9 

68.4 

96.2 

98.3 

65.5 

66.6 

61.3 

D1 

Z. mellis 

Fermented honey 

100.0 

76.7 

77.2 

98.9 

97.9 

73.7 

73.7 


J7 

Z. nussbaumeri 

Fermented honey 

99.2 

65.2 

73.1 

93.7 

96.7 

73.2 

55.6 


E6 

Zygosaccharomyces sp. 

Fermented honey i 

99.4 

59.9 

67.1 

99.2 

99.7 

62.0 

55.9 

64.8 

N4 j 

Z. nectarophilus 

Floral nectar 

99.5 

79.7 

93.4 

98.5 

97.9 

82.1 

83.3 


165Y 

Z. nectarophilus 

Normal honey 

98.5 

72.7 

84.6 

93.1 

93.4 

80.5 

71.5 

70.3 

S3B2 

Z. nectarophilus 

Soil 

99.4 

63.51 

1 

67.9 

98.2 

101.0 

63.6 

63.0 

63.4 


' Beta>alanine in place of pantothenic acid. 

* Kroemer and Krumbholz. 

* Sacchetti. 

* National Collection of Type Cultures, London. 

® W. J. Nickerson, Jr. 

both alone and with the combined growth factors, as well as of the uninoculated 
basal medium. 
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EXPEBIMENTAL BESXTLTS 

Effect of omission of single nutrilites 

The effect of omitting single growth factors from the combination of five upon 
the growth of 23 yeast strains is shown in table 1, giving readings after 4 days 
at 28®C. At this stage of development the ability to synthesize the missing 
nutrilite, where such exists, should become manifest, so that it is possible to 
evaluate the importance of each as an essential factor for jnore prolonged growth. 

Biotin is seen to be the most important nutrilite, being essential to the growth 
of all strains of Zygosaccharomyces studied. In its absence, growth of the organ- 
isms is little or no better than that in pure salts-sugar solution. 

With respect to their need for pantothenic acid, the yeasts could be divided 
into three groups, depending upon whether this nutrilite was essential, stimula- 
tory, or relatively unimportant. The organisms in group A are evidently able 
to S3mthesize this factor to meet their requirements, since its omission causes 
little or no diminution of growth. The yeasts of group B, though able to grow 
in the absence of pantothenic acid, develop definitely better when it is supplied, 
and thus comprise a group intermediate between group A and group C. This 
latter group includes yeasts for which pantothenic acid is most essential, the 
omission of this nutrilite resulting in growth approximating that in the salts- 
sugar control after four days. This points to a lack of ability to synthesize this 
factor under the test conditions. Table 1 also shows that i^-alanine, where it 
was tested, was able to replace pantothenic acid in providing the combined 
growth factor effect. 

The omission of inositol was, in most cases, without effect on growth. In 
the case of five strains in Group C, representing three species, inositol was found 
necessary for optimum growth, being particularly important for Zygosac- 
charomyces nectar ophiliLs. In no case, however, did the lack of this factor 
prevent growth as compared with the control, suggesting a capacity either for 
replacement by other factors, or for synthesis of inositol in varying degree. » 

Under the experimental conditions neither thiamin nor pyridoxin was impor- 
tant for growth of most of the yeasts. With some cultures omission of thiamin 
resulted in slightly depressed growth, most noticeable in the case of Zygosac- 
charomyces richteriy Z, acidifaciens, Z, nusshaumeri and one strain of Z. nectaro- 
philus. This effect was less pronounced as growth progressed, suggesting a 
capacity for synthesis of this factor. With other yeasts, especially Z, 
amoehoidus, somewhat better growth was noted without thiamin, pointing to a 
slightly depressing effect of this factor at the concentration used. Omission of 
pyridoxin caused little or no difference in the growth of osmophilic yeasts, the 
most pronounced effect being with Z, nusshaumeri, on which this nutrilite ap- 
peared to have a somewhat depressing action. 

Supplementary effects of nutrilites 

With biotin, pantothenic acid (or i^-alanine) and inositol seen as the important 
nutrilites for osmophilic yeasts, further studies were made of individual and 
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combined effects in the light of the data in table 1 . For this series representative 
yeasts from each of groups A, B and C were chosen, Zygosdccharomyces varidbUia 
(Zl), Z. rugosm (139), and Z. nectarophilus (N4). In addition to the flasks 
containing the basal and combined growth factor controls as well as those in 
which individual nutrilites were omitted, the series included the modifications of 
addenda outlined in table 2. 

The effect of single and combined nutrilites on the three types of yeast is 
illustrated in table 2, pving the readings after six days. However, the salient 
features are shown graphically in figures 1-4, which indicate more clearly 
differences between the species with respect to their requirements of biotin, 
pantothenic acid and inositol during the course of growth for 8 days. 

TABLE 2 

Effect of single and combined nutrilites on three yeasts of 
different growth requirements 


PESCENTAGE LIGHT TBANSMISSION (6 DAYS 28*^0.) 


SALTS-SUGAB (40 FEB CENT GLUCOSE) PLUS ADDENDA AS BELOW 

Z. variabilis 
(group A) 

Z. rugosus 
(group B) 

Z. nectaro^ 
philus 
(group C) 

(1) Nil 

99.4 

96.9 

97.7 

(2) Combined nutrilites 

79.2 

63.4 

62.8 

(3) No inositol ! 

78.7 

62.4 

79.2 

(4) No pantothenic aoid 

78.8 

74.7 

95.7 

(5) No biotin 

97.7 

96.3 

96.1 

(6) No thiamin 

74.7 

64.6 

63.3 

(7) No pyridoxin 

78.8 

64.7 

64.0 

(8) Biotin alone. 

85.7 

75.8 

98.7 

(9) Pantothenic acid alone 

97.9 

94.8 

97.4 

(10) Biotin + inositol 

81.9 ' 

68.3 

98.7 

(11) Biotin 4- pantothenic acid 

75.1 

64.5 

85.7 

(12) Biotin + thiamin 

82.4 

71.8 

98.9 

(13) Biotin + pyridoxin 

83.7 

70.7 

99.2 

(14) Biotin -f pantothenic acid 4- inositol 

78.8 

62.1 

62.0 

(15) Biotin + pantothenic acid 4" thiamin 

83.1 

63.3 

79.1 

(16) Biotin 4" pantothenic acid 4“ pyridoxin 

79.1 

63.7 

81.6 


Though all three species are alike in requiring biotin for growth, they vary 
markedly in their capacity for growth without pantothenic acid. In contrast to 
Z. nectarophilus, for which the latter is essential, Z. variabilis is able to synthesize 
this factor in sufficient amounts for abundant growth, even though development 
is somewhat retarded at first. For Z. variabilis and Z. rugosus biotin alone 
produces definite though sub-maximal growth; together with pantothenic acid, 
which alone is ineffective, it gives growth equal to the combined nutrilite effect. 
With the former yeast there is evidence that in the presence of biotin, the other 
nutrilites can replace pantothenic acid in promoting growth, an effect not 
noticeable with Z. rugosus. 

With Z. nectarophilus biotin or pantothenic acid alone is ineffective, though 





Fig. 1. Gbowth of Zyoosacchabomyces vabiabilis K. and K. in 40 Peb Cent 

Glucose Solution 



2 4 6 8 DATS 

Fig. 2. Gbowth or Zygosacchabomyces bugosus L. and F. in 40 Per Cent 

Glucose Solution 



Fig. 3. Gbowth in Zygosacchabomyces nectabophilub L. and F. in 40 Peb Cent 

Glucose Solution 
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together they promote sub-maximal growth. Upon the addition of inositol, a 
nutrilite which is non-essential for the other species, the combined growth factor 
effect is obtained, though growth is somewhat retarded at first. This suggests 
some early influence of thiamin and pyridoxin, later synthesized in suflScient 
amounts for optimum growth. A special series, in which this yeast was tested 
n a nutrient solution of 60 per cent glucose, confirmed the findings with the 40 
per cent glucose medium (fig. 4). The osmophilic qualities of the yeast were 
shown by the fact that in an otherwise similar series with 10 per cent glucose no 
growth of the organism was obtained. 

In its nutrilite requirements Z. nectarophilus resembles the Toronto strain of 
Saccharomyces cerevisiae which requires, in addition to Bios I (inositol). Bios IIA 
and Bios IIB, the growth-promoting effects of which are now coming to be re- 
garded as similar to those exerted respectively by pantothenic acid (or /3-alanine) 
and biotin. 



Fig. 4. Growth in Ztgosacjcharomtces nectarophilus L. and F. in 60 Per Cent 

Glucose Solution 

DISCUSSION 

Recently biochemical classification of ScLCcharomyces strains, based on growth 
factor tests, have been described by Rainbow (1939) and Schultz, Atkin and 
Frey (1940). The former classified the yeasts according to their reaction 
towards ‘‘bios” fractions. The latter based their classification on the growth 
response in a basal medium (which included inositol, jS-alanine and Bios IIB), 
and in the same medium after the addition respectively, of thiamin and thiamin 
plus pyridoxin. Our experiments included a study of this point but under the 
conditions of our tests, carried out as they were with yeasts of a different genus, 
we were unable to observe any such clear-cut differentiation into types on the 
basis of response to thiamin and pyridoxin. A number of our strains might be 
regarded as belonging to their type B (growth depressed somewhat by thiamin 
and normal with thiamin and pyridoxin, as compared with growth in presence of 
inositol, pantothenic acid and biotin), though none would be considered as 
belonging to their Types A or C. 
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It was of interest to note that strains of Zygosa^chxiromyces which had been 
previously considered the same species on the basis of morphological and fermen- 
tation tests agreed with respect to their group classification on the basis of their 
pantothenic acid requirements (table 1). Thus, cultures S3 and S5 were re- 
garded as the same species in Group A, while Group B contains two strains each 
of Z. rugosus and Z. barkeri, and Group C three strains of Z. nectarophiliLS. 
Since most of the strains had been isolated more than ten years previous to the 
present tests, it appears that nutrilite requirements of osmophilic yeasts repre- 
sent, to some degree at least, a specific characteristic which may aid in their 
classification. 


SUMMARY ^ 

Twenty-three strains of osmophilic yeasts of the genus Zygosaccharomyces and 
representing 18 species, were studied with respect to their requirements of 
inositol, biotin, pantothenic acid, thiamin and pyridoxin, added to a basal 
solution of inorganic salts and 40 per cent glucose. 

Biotin was essential to the growth of all strains. On the basis of their need 
for pantothenic acid, the yeasts could be divided into three groups according 
to whether this nutrilite was essential, stimulating or relatively unimportant. 
Beta-alanine was able to replace pantothenic acid in providing the combined 
growth factor effect. 

In the case of three species inositol was found necessary for optimum growth, 
this nutrilite being specially important for Zygosaccharomyces nectar ophiluSy 
though effective only in the presence of biotin and pantothenic acid. With 
yeasts not requiring inositol the combined growth factor effect could be obtained 
with biotin and pantothenic acid. 

In some cases thiamin exerted slightly stimulating or depressing effects, 
being rather more significant in promoting maximum growth in the case of 
Zygosaccharomyces nussbaumeriy Z. richteri and one strain of Z. nectar ophilus. 
Pyridoxin was still less important as a nutrilite for osmophilic yeasts. 

Strains previously considered specifically identical on the basis of morphology 
and fermentative capacity showed good agreement in nutrilite requirements, 
suggesting the value of the latter determination as an aid in*classification. 
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A recent paper by Conn, Wolfe and Ford (1939) discussed the question as to 
whether certain soil bacteria are related to the genus Alcaligenes as recognized in 
recent editions of Bergey’s Manual of Determinative Bacteriology. So far as 
concerns the relationships between the soil bacteria and plant parasites discussed 
in that paper, the reasoning still seems sound. In one or two particulars, how- 
ever, modification of the conclusions seems necessary in light of further evidence 
that has been obtained. This evidence relates to the identity of the type species, 
Alcaligenes faecalis. The statement was made in that paper: ‘^Apparently, 
therefore, there is a commonly recognized organism to which the name Alcali- 
genes faecalis can be assigned.’’ Evidence is now at hand which makes that 
statement doubtful. Before presenting this evidence, however, a few words 
are necessary as to the history of this name, and of the specific designation. 

HISTORICAL 

Petruschky (1896) applied the name Bacillus faecalis alcaligenes to a peri- 
trichous, non-spore-forming rod of intestinal origin, producing no acid in sugar 
broths and causing alkalinity in milk; no detailed description was given. It was 
renamed Bacillus alcaligenes by Migula (1900) and Alcaligenes faecalis by Cas- 
tellanni and Chalmers (1919). This generic name has been criticized as being 
an adjective instead of a noun, thus having been formed contrary to a recom- 
mendation of authorities on nomenclature. It can, however, hardly be called 
invalid on this account and was accepted in the first edition of Bergey’s Manual, 
with the following definition : 

“Motile or non-motile rods, generally occurring in the intestinal canal of nor- 
mal animals. Do not form acetyl-methyl-carbinol. Do not ferment any of the 
carbohydrates.” 

In this edition of Bergey’s Manual eight other species were included with it, 
only two of which were stated to occur in the intestinal canal; three were de- 
scribed as milk or udder bacteria; three {A, melitensis, A, abortus, and A. bronchi- 
septicus) have since been transferred to the genus Brucella, one becoming the 
type species of the latter. 

The genus Brucella was first recognized in the fourth edition of the Manual, 
and the first two of the three above mentioned species were then transferred to 
this other genus. The number of Alcaligenes species recognized, however, was 

^ Acknowledgement is made to Jean E. Conn and to Mark Ford for much of the data upon 
which this paper is based. 

* Approved by the Director of the New York State Agricultural Experiment Station for 
publication as Journal Paper No. 481, December 17, 1941. 
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now ten, since additional species had been placed in it; just half of these ten 
species are intestinal forms. 

In the fifth edition of the Manual (1939) A, bronchisepticus was transferred to 
the genus Brucella because of protests of students of the latter group, and one 
soil form (A, radiohacter) was added; the latter had not been included in any 
genus in earlier editions of the Manual and it was now placed in Alcaligeues 
because this was the only genus whose description it would fit. In this last 
edition of the Manual, the writer undertook to revise the definition of the genus 
and the statement concerning habitat was made to read ‘‘which generally occur 
in the intestinal canal, in decaying materials, dairy products and soil.’’ Just 
half of the species were still described as intestinal forms. 

The writer first became interested in this genus when it proved that it was the 
only place in the Bergey system (until, in the 5th edition. Bacterium was again 
recognized) where the numerous soil bacteria which do not ferment sugars and 
tend to produce alkalinity in milk can be placed. Recognition of this fact raised 
two questions which have not proved easy to answer: (1) Are the soil forms and 
intestinal forms, which do not produce acid or gas from sugars, closely related to 
each other? (2) Can the type species Alcaligeues faecalis be recognized? 

THEORETICAL 

There is one theoretical point which must be first discussed, because failure to 
recognize it can cause considerable confusion in the understanding of organisms 
similar to these under discussion. 

When an organism produces acid and gas from a sugar, or even when it pro- 
duces no gas but sufficient acid to be detectable in the presence of peptone, there 
is no question as to its fermentative ability. When, however, neither acid nor 
gas is evident on a peptone-sugar medium, there is danger of confusion. Often 
all such organisms are grouped together as “inert” or “non-fermenting” bacteria. 
Actually, however, there may be two distinctly different classes included in this 
category; (1) organisms which are unable to use sugar; (2) organisms which 
utilize sugar (especially glucose) so completely that there are no by-products, 
and the only end-product capable of giving an acid reaction to the medium is 
carbon dioxide — a change in reaction which can be detected only on media of low 
buffer content. It will be seen that theoretically these two classes of bacteria 
stand far apart in physiology and yet the generally recognized tests for fermenta- 
tion would group them together. 

SIMILARITY TO BOIL FORMS 

As explained above, one of the questions to be answered is: Are the soil forms 
and the intestinal forms which produce no acid from sugars closely related? To 
answer this question, a series of soil and intestinal forms were collected. 

For the soil forms. Bacterium radiohacter Lohnis was selected as typical. In- 
cluded with it were miscellaneous short rod forms isolated from soil in the writer’s 
laboratory. 

To secure intestinal fon*!c known to be Alcaligeues faecalis proved diflScult. 
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Four cultures under this name were secured from the American Type Culture 
Collection; one of them was quickly discarded, as it proved to have been over- 
grown by one of the fluorescent pseudomonads. Four were obtained from the 
National Collection of Type Cultures at the Lister Institute. A collection of 
14 cultures was obtained from the laboratory of Dr. Carl Nyberg in Helsinki, 
5 of which were labelled ‘‘A. faecalis^' the others “similar to A. faecalis” Two 
strains were obtained from Dr. Pribram at Chicago. A series of 11 cultures was 
secured from Dr. E. G. D. Murray of Montreal; these were freshly isolated non- 
acid-formers, but were not all regarded as typical representatives of this species. 
A strain was obtained from the University of Rochester Medical School, which 
was a stock culture that had been used for illustrative purposes in class work for 
some time, but whose origin was not known. Of these various cultures, a few 
proved to be lophotrichous; they obviously must belong elsewhere, as this species 
was originally described as peritrichous and has generally been accepted as such. 

The difficulty in securing authentic cultures of this species seems to arise from 
the fact that bacteriologists are not specially interested in it. Any non-fer- 
menting culture of fecal origin is regarded as Alcaligenes faecalis and of no sig- 
nificance; hence the culture is discarded without thought of preserving it as a 
stock culture for comparison with authentic strains. 

In comparing the soil forms with the intestinal forms only a few characteristics 
proved available for making distinctions. The morphology did not vary; acid 
and gas tests on ordinary media are always negative; production of nitrite from 
nitrate proved a variable character. Two features, however, did prove useful: 
(1) ability to grow on synthetic media; (2) production of CO 2 from glucose. The 
latter character seemed particularly worth investigating, as it has been shown 
by Conn and Darrow (1935) and by Hofer (1941) that such soil forms as Rac- 
terium globiforme and Bacterium radiobacter, although producing no organic acid 
from glucose, do give rise to very appreciable quantities of carbon dioxide. 

Ability to grow on synthetic media. To test this point two synthetic media 
were prepared, of the following composition: 

Medium I 

1.0 g. 

0.2 

0.2 

0.2 

15 

1000 ml. 

Medium II 

Same but with the addition of glucose 1.5g. 

The soil forms showed scanty growth on Medium I, but very vigorous growth on 
Medium II. Only five of the cultures received as examples of Alcaligenes faecalis 
were the same in this respect. Two of these five were from the collection re- 
ceived from Montreal, but showed evidence of contamination. The other three 
were the strains obtained from the American Type Culture Collection and on 


(NH4),HP04.. 

KCl 

MgS04-7H20. . 
Yeast extract 

Agar 

H2O 
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the basis of which the earlier conclusions were drawn; two of them were reported 
to hav'e come originally from Dr. E. 0. Jordan, the other (isolated from blood) 
from Dr. Alice C. Evans. 

Three of the strains obtained from Dr. Nyberg showed fair growth in both 
media, no better with glucose than without; but these three strains were among 
those labelled by him as merely ^^similar to A. faecalis.^^ 


TABLE 1 

COf Production in ISO ml. of ammonium phosphate media 


OSGANISM 

SOUKCE 

COi; 

Medium III, 
complete 

PROM 30 MGM. GLT 

Medium IV, 
no yeast extract 

JCOSE 

Medium V, 
no glucose 



mgm. 

mgm. 

mgm. 

B. radiohacter 

Hofer 

27.5 

23.2 


? 

Soil 


14.0 


? 

Soil 


12.5 


A.faecalis 1 

ATCC 

17.38 

15.84 

0.88 

A. faecalis 2 

ATCC 

16.72 

15.73 


A.faecalis 3 

ATCC 

4.62 

2.75 

0.88 

A . faecalis 4 

U. of Rochester 

1.43 

0.11 

0.22 

A . faecalis 5 

Murray 

1.76 

0.55 


A.faecalis 6 

Murray 

4.62 

1.21 


A.faecalis 7* 

Murray 

20.24 

22.84 


A . faecalis 8 

Murray 

5.39 

? t 


A . faecalis 9 

Murray 

0.66 

1.65 


A. faecalis 10 

Murray 

0.66 

1.43 


A.faecalis 11 

Murray 

6.06 

2.42 

0.44 

A . faecalis 12 

Murray 

0.55 

0.33 


A. faecalis 13* 

Murray 

19.69 

4.62 


A . faecalis 14 

Murray 

4.62 

0.44 

0.22 

A . faecalis 16 

Lister Inst. 

2.86 

2.42 


A.faecalis 17 

Lister Inst. 

1.54 

1.98 


A.faecalis 18 

Lister Inst. 

2.76 

0.22 


A . faecalis 19 

Lister Inst. 

2.20 

1.64 


A. faecalis 20 

Pribram 

2.75 

0.99 

0.44 

A . faecalis 22 

Nybergt 

2.42 

0.44 


A . faecalis 23 

Nyberg 

21.45 

9.46 

0.88 


* Culture apparently overgrown by contaminant before this test was made, 
t Disagreement of duplicates. 
t See Nyberg (1936) . 


All the rest of the strains showed poor or no growth in either medium. Among 
them were included: Nine of the cultures from Dr. Murray; 4 from the Lister 
Institute; the University of Rochester culture, and the 2 from Dr. Pribram; all 
4 of the cultures from Dr. Nyberg claimed to be authentic, and 6 of those sub- 
mitted by him as being similar organisms. 

The weight of evidence from this comparison of cultures is that A.faecalis, as 
generally recognized, does not grow on the particular synthetic medium selected. 
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and unlike the soil forms, cannot make use of glucose on such a medium. There 
is no evidence at hand as yet to indicate that A, faecalis, as represented by the 
bulk of cultures received, can grow without organic nitrogen. Apparently 
strains from the American Type Culture Collection are a different organism. 

Production of CO 2 from glucose. This problem was investigated by the El- 
dredge tube technic. The media employed were as follows: 

Medium III : Like medium I above but without agar. 

Medium IV: Like Medium III but without yeast extract. 

Medium V : Like III but without glucose (used merely as a check on 7 of the 
cultures). The results, with 21 strains of the so-called “A. faecalis”, in com- 
parison with similar determinations for certain soil forms are given in table 1. 
It will be seen that abundant CO 2 is produced by the soil forms. The only 
faecalis^^ cultures, however, which showed appreciable CO 2 in the absence 
of yeast-extract were two of the three from the American Type Culture Collec- 
tion and one or two others of doubtful purity.® 

CONCLUSIONS 

It is evident that the similarity of A. faecalis to certain soil bacteria which 
was previously pointed out by Conn, Wolfe, and Ford, may not actually exist; 
in pointing out this similarity, too much significance was attached to the cultures 
received from the American Type Culture Collection. If instead of regarding 
these cultures as representative of the species, one accepts as typical those 
obtained from other collections, very different conclusions must be drawn. The 
cultures from the former source are very much like the soil forms; but a majority 
of those from other sources require organic nitrogen and show no evidence of 
utilizing glucose — while the soil forms in question utilize inorganic nitrogen and 
glucose, using the latter so economically and completely that they do not produce 
appreciable acid in ordinary media. Following the scheme of classification of 
the Eubacteriales given on pp. 20-21 of the 5th edition of Bergey’s Manual, this 
would put the soil forms in a widely different section of this Order from that 
where one would have to place most of the A. faecalis cultures studied (except 
those from the American Type Culture Collection). 

These findings also raise serious question as to whether anyone knows just what 
AUaligenes faecalis is. The original description by Petruschky is vague; and 
even the recent emendations are incomplete, as evidenced by the fact that the 
published descriptions would fit either the type growing on synthetic media or 
that which requires organic nitrogen. Both of these types are being distributed 
under the same name; and it is difficult, if not impossible, to decide which is 
authentic. The writer of this paper, as a soil bacteriologist, hardly feels com- 
petent to venture an opinion. 

* Abundant CO2 production from all of these cultures has been observed in a veal -infusion 
medium containing glucose. This, however, is of no significance, as the break-down of 
veal infusion has been shown to yield CO2, and those of the organisms included in this work 
which were tested on this same medium without glucose were found to give off almost, if 
not quite, as much of this gas as in its presence. 
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Still further evidence that bacteriologists are in disagreement as to the char- 
acteristics of this species is furnished by the fact that at least one of the cultures 
furnished under this name proves to have polar flagella. This organism can 
hardly be the true A, faecaliSy as this species has always been described (even by 
Petruschky) as being peritrichous; but the fact that it was obtained under that 
name is further indication of the confusion that exists. 

TAXONOMIC RECOMMENDATIONS 

The above data seem to invalidate the recent recommendations, made in part 
by the author and associates, that some of these soil bacteria belong in the genus 
Almligenes, The same objection can be raised to including the other non-para- 
sitic forms which have been put in the genus — ^notably the species Alcaligenes 
viscosusy which proves to be closely related to the soil types under consideration. 
If the three species occurring in milk and soil, listed in this genus in the last 
edition of Bergey’s Manual, be removed from it, there remain six parasitic 
species, including the type species A, faecalis. Three pertinent questions arise: 
(1) Should the Genus Alcaligenes be retained for these six species? (2) If not, 
in what genus should they be placed? (3) In any event, what should be done 
with the soil and milk forms now bearing this generic name? 

The writer wishes to venture the following opinions: 

1. The genus Alcaligenes can be retained only if its type species can be recog- 
nized. As explained above, at least two different organisms are being distributed 
by culture collections under the name A, faecalis. Although it seems entirely 
probable that the true intestinal type is the one which requires organic nitrogen, 
the matter certainly needs clarification. It is apparently impossible to deter- 
mine the exact nature of the original organism studied by Petruschky; and gen- 
eral agreement as to the nature of the species would be very difficult to secure 
under present world conditions. Hence, the final decision may be to drop the 
name entirely. Further justification for doing this could be found in the fact 
that the generic name is an adjective, not a noun as recommended in codes of 
nomenclature. 

2. There are at present five intestinal inhabitants listed under this genus in 
Bergey’s Manual: A, faecalis, A. metalcaligenes, A. ammoniagenes, A. bookeri and 
A. recti. These might well make a genus by themselves, especially if it proves 
that A . faecalis is the organism which requires organic nitrogen, and that the 
other species are like it in this respect. 

Undoubtedly, the most convenient arrangement, in the next revision of Ber- 
gey’s Manual, will be to leave them in this genus, with the thought of its being a 
temporary grouping until further study of species included can be made. It is 
clear that all five species, even the type species, require such study before their 
identity can be definitely learned. Meanwhile those who are unwilling to put 
them in a genus whose type species is not definitely recognized can call them 
Bacterium alcaligenes, B. metalcaligenes, B. ammoniagenes, B. bookeri, and B, recti, 
respectively. None of these names are new combinations, and the definition of 
Bacterium in the 5th edition of the Manual is sufficiently broad to cover these 
organisms. 
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3. At present only one soil organism has been placed in Alcaligenes, namely 
A. radiobdcter. This organism is plainly out of place in the genus if the type 
species is the intestinal organism which requires organic nitrogen. It is, on the 
other hand, very similar to the legume nodule organisms, Rhizobium spp. and 
to the bacteria causing crown gall and hairy root (now in Phytomonas), Stu- 
dents of these groups are coming to think that all these species should be close 
together in the classification. The legume nodule organisms undoubtedly 
constitute a definite and easily recognized genus; but after consultation with 
bacteriologists who have studied both the genus Rhizobium, and the closely 
related plant pathogens, it seems that a new genus is called for. This genus 
should contain the plant pathogens closely related to the crown gall organism, 
the soil species now in Alcaligenes, and other saprophytic organisms that may be 
found to be similar in morphology and physiology. For this new genus the name 
Agrobacterium is now proposed, with A. tumefaciens as its type species^. For 
this genus the following description is hereby given: 

Agrohacterium. Small, ahort, non-spore-forming rods, which are typically motile with 
1-4 peritrichous flagella; (if only one flagellum, lateral attachment is as common as polar). 
Occur primarily in the soil or as pathogens attacking roots or producing hypertrophies on 
the stems of plants . Are ordinarily gram -negative . Do not produce acid or gas^ in glucose- 
peptone media, although a certain amount of acid is often evident in synthetic media; 
this latter observation is ordinarily due merely to presence of CO 2 which may be produced 
in considerable abundance. Liquefy gelatin slowly or not at all. 

The type species Agrobacterium tumefaciens is the cause of crown-gall of plants, 
and may be described as in the 5th edition of Bergey^s Manual. Placed with 
this should be Agrobacterium radiobacter (syn. Bacterium radiobacter, Achromo- 
bacter radiobacter, Alcaligenes radiobacter^ and Agrobacterium rhizogenes (syn. 
Phytomonas rhizogenes), the cause of hairy root, both described as in the 5th 
edition of Bergey. 

* In Bcrgey^s Manual Polymonas tumefaciens (Lieske, 1928) is given among the synonyms 
of this species, and would seem to be called for by rules of priority. This is not the case, 
however, because a consultation of Lieske^s paper shows that it is not a true synonym. 
Lieske was of the school who believed crown-gall to be identical with human and animal 
cancer, and to be caused by a microorganism. The above-cited name he assigns to a poly- 
morphic organism which he claims to be the cause of cancer, and he adds that Bacterium 
tumefaciens is one phase of this organism. His theory is not accepted today, and no organ- 
ism is known which possesses the pleomorphic characteristics he assigns to Polymonas 
tumefaciens, 

* In this definition the expression “acid or gas“ is used in the rather indefinite sense in 
which it is ordinarily employed in manuals of determinative bacteriology; thus “acid“ 
essentially means a sufficient change in reaction to be detected by litmus, and “gas” means 
sufficient gas to be visible as a bubble in the liquid. Hence the statement “do not produce 
acid or gas” does not exclude the organisms which produce CO 2 without saturating the 
medium with the gas or lowering its pH beneath approximately 6.4, nor those which produce 
organic acids without greater change in pH than this. 

® Hofer (1941) mentions as a possible synonym of this organism Pseudohizohium ramosum 
Hartleb, 19(X). This name would have priority if it could stand; but Hartleb's description 
is too vague for recognition, and it seems very unwise to emend the description so that it 
could be recognized — for this would mean abandoning the specific as well as the generic 
name under which this organism has long been known. 
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Of the tnilk fonns in the genus Alcaligenea the only one which seems definitely 
recognizable is Alcaligenes viscosum. This seems to lie closer to those species 
discussed in the preceding paragraph than it does to the intestinal forms which 
require organic nitrogen; imtil its relationships are more definitely established 
it can be called Bacterium viscosum after Weldin and Levine (1923). The other 
milk species are very poorly known and have never been put in the genus Bac- 
terium except under the trinomials Bacterium lactis album and Bacterium lactis 
marshaUi. It is recommended that these be transferred together with the equally 
poorly known species Alcaligenes demieri (obtained from rubber latex) to an 
appendix of indefinitely described species. 

For the present the writer prefers to make no further new combinations by 
putting other species in this new genus. There are several other plant pathogens, 
listed in Appendix II of Phytomonas in the 5th edition of Bergey’s Manual, 
which probably belong in the same genus with the crown-gall organism; but it 
seems well to leave it for phytopathologists to rename them if they are to be 
transferred to Agrobacterium. There are, moreover, various soil species, some 
of which have been named and others still unnamed, which seem equally closely 
related to the species which it is now proposed to call Agrobacterium radiobacter. 
It is hoped that the new genus will prove a convenient place for some forms 
which do not fit well into any of the genera recognized in past editions of Bergey’s 
Manual; it is also hoped that those adding species to this genus will include only 
those types covered by the above definition. 
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l{('C(‘iv(‘(l for j)iif)lK‘atioii DcconilxM* 22, PMl 

Tlie (lifferontiRtiori of n solid bacterial c(‘ll-wall from an iiiii(‘r protoplasm has 
l)(‘en demonstrated in favora])l(* cases by j)lasmolysis, by microdisseedion, and by 
diff(‘rential staining;; notable succ(‘ss with mordant and difh^n'ntial staining has 
recently been attained by Knaysi (1938, 1941); the literature' is reviewed by 
L(*wis (1941). Examination of a varu'ty of bacterial sjM'cies with the aid of the 
electron microscope' has elememstrate'd this impe)rtant structural eliffere^ntiation 
with ])artie‘ula]- vi\4elne‘ss. The' ge'neral e*e)ne*lusion is warrante'el, we' bedieve, 
that bacte'fia are e'e'lls, with se)lid e*e'll-wall e'k'arly elistine*! fremi inne'r fluiel or 
pedemtially fluiel predoplasm. The' inne'r pre>te)plasm is freepje'ntly e)bs(‘rve'd to 
l)e* shrunke'u fre)m the' ce'll-wall by ])lasme)lysis or drying, anel re'aelily e's(‘ai)es 
freun the' e*ell-wall fedlowing injury. The* ca])ae*ity ejf iinele'rgeang re'versible 
gc'latiem is j)ejsse*sse‘d by pre)te)plasm in gene'ial. We kne)w e)f ne) cemvincing 
('vieleme'e', howe've'r, as te) whe'the'r ne)]-mal bae*tei‘ial pre)te)))lasm is a sed or a ge*! 
or whe'th('r it may unde'ige) re'versible* ediange from one state* to tlie* edhor. 

Bae'teria e)f the ge'iiera thus far e'emsielere'el in this serie's, Strcptoroccu}^, (Mueld 
anel Lae*kman, 1911), and BacillnH, (Muelel, Polevitzky, Anelerson, anel (4iam- 
be'rs, 1941), have be'e'ii re'lative*ly e)paejue te) the* ele'Ctre)n be'am. In the* pre^sent 
stueiy, ])icture's e)f a strain e)f fusiform baeallus are pre'se'iite'd in whie*h both diffe'r- 
i'litiatie)!! e)f e'cll-wall freun pre)te)plasm anel differe'iu'e's of ele'nsity within the 
])rote)plasm itsedf are* partie*ularly cle'arly shown. 

The* strain e)f fusife)rm baeallus, ise)late'el by Wakelbrd, the' morj)he)logy of whe)se' 
ce'lls is she)wn he*re'with, has be*('ii describe'el, (Kast, 1928). This strain has be'e'n 
j)re'se'rve'el in ce)agulate'el serum meelium lor some thiite'e'U ye'ars, and has main- 
taiiK'el its characte'ristic mori)he)le)gy during this time. Fe>r the* j)re'se‘nt study 
transplants we're maele te) e*yst('in-se'rum bre)th me'dium, sc'ah'el with vase'line, anel 
inciibate'el fe)r variems jK‘rie)ds e)f time. Fe)r examinatie)n with the e'lectron rnicro- 
se‘e)pe a small ameamt e)f culture was re'me)ve'el with a e*apillary pipette anel sus- 
pended in elistille'el water, centrifugalize'el, anel the seelime'iit re'suspenele'd in 
elistille'd water; this washing j)re)ceHlure was twice* re'pc'ate'el. A dre)plet e)f the 
last suspe'iisiem in elistille'el wate'i* was plae*e'el on the ce)lle)elie)n mount anel alle)weel 
te) elry withe)ut fixing e)r staining. All picture's we're take'ii witli ek'ctrons ac- 
celerate'el by GO Kilove)lts anel at an e)riginal magnitie*ation e)f G250 diameters. 

1 1UV\ PVllow on the' Klcctron Microscope?, Natiennil Ke'se'arch Ue)uncil. 
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In figure 1, two chanicterisf ic eells of a young cultun' are seen. T)ifference.s 
in di'nsity are olivious in various parts of the protojilasm. A branching form 



1m(. 4 prom (’n/rrRK The vied in Kir.rRK X 10,500 







Fig. 5. C'ells from Culture Trevted as in Figure 8X 15,500 

is shown in figure' 2. A cell from an olde'i* (*ulture appears in figuie 3. In this 
cell very densi' local areas appear as black granules against a background of 
relativi'ly “transparent” protoplasm which is retracted from the cell-uall. 
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Figure 4 is of a preparation from a two-weeks old culture. The end of the cell- 
wall of one c(41 has been broken: the jagged line of rupture attests to the solidity 
of the* cell- wall, (as in the previous studies in which fracture by sonic vibration 






‘V’ 
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Fir.. 6. (^TRVEI) FILAMENTOUS BArTERIUM FROM A ( ULTTTRE TREATED AS IN 

Fkjure 3 X 17,000 




Fifj. 7. Fxud vte from Infected Area of a Cask of Vincent’s (Iincuv^itis of Tvvcj Weeks 

Duration X 15,500 

was (*mployed). The other cell appears to be intact. Its relatively dense proto- 
plasm is r(*tiacted from the cell-wall. In figure 5 cells from a tw'o-w(*(*ks old 
culture an* again showTi. In tw^o of the cells the protoplasm is relatively dense. 
Th(* tajicring ends of the cells an* apj^areiitly free of protoplasm and the cell- 
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wall appears to be wrinkled in several places. Part of a larger filamentous cell 
is also shown, in which dark granules appear in a protoplasm which is relatively 
transparent to the electron beam. Figure 6 shows a curved, filamentous form 
found in an old culture of the fusiform bacillus. It is a filamentous bacterial 
form which might easily be mistaken for a spirochete if studied with the light 
microscope. 

As a matter of interest, a fresh preparation of the exudate from a case of Vin- 
cent's gingivitis is shown in figure 7. Fusiform and spiral microorganisms are 
shown in association. 

DISCUSSION 

The differentiation of cell-wall from inner protoplasm has been clearly demon- 
strated in electron micrographs of streptococci (Mudd and Lackman, 1941), 
of species of the genus Bacillus (Mudd, Polevitzky, Anderson, and Chambers, 
1941), and in Thiobacillus thiooxidans (Umbreit and Anderson, 1942). Cell- 
wall and inner protoplasm appear as structurally distinct, also, in many of the 
electron micrographs in the German literature (Piekarski and Ruska, 1939; 
Jakob and Mahl, 1940), but have not always been correctly interpreted. The 
differentiation of cell-wall from protoplasm has also been demonstrated by com- 
bination of the protoplasm with salts of silver and lead, resulting in greatly 
increased density of the protoplasm without discernible alteration of the cell- 
wall (Mudd and Anderson, 1942). 

The differences in density of the protoplasm of these unfixed (though dried) 
and unstained cells of Fusobacterium were not unexpected, in view of the uneven 
staining which has been described as characteristic of fusiform bacilli (Varney, 
1927; Hine and Berry, 1937; Bergey's Manual, 1939). Moreover, when the 
living cells are observed with dark field apparatus^ they show granular structures 
essentially similar to those more clearly shown in the electron micrographs. 
Exact correlation between density as found with the electron microscope and 
staining behavior has not been attempted in this study, (see, however, Piekarski 
and Ruska, 1939). 


CONCLUSION 

Bacteria are cells with solid cell-wall and fluid, or potentially fluid, inner 
protoplasm distinct from the cell-wall. Electron micrographs of cells of a 
strain of Fusobacterium show striking differences in density within the proto- 
plasm. Correlation of the significance of the differentiations observable with 
the electron microscope with those observable by microchemical and staining 
techniques, though hardly more than begun, presents a challenging problem. 
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In concentrations above 30 per cent, sugar has a significantly inhibitive effect 
on microorganisms, which causes it to be considered as a preservative as well 
as a sweetening agent. 

Sucrose and glucose have molecular weights of 342 and 180, respectively. 
Therefore a given quantity of glucose in solution should result in a greater 
osmotic pressure than a sucrose solution of the same concentration. Theo- 
retically, the osmotic pressure of glucose is 1.73 times that of sucrose. Hun- 
ziker (1935) concluded that glucose in concentrations used in the manufacture 
of condensed milk was about 1.25 times as effective as sucrose in the preserva- 
tion of this product. However, Berkeley and Hortley (1906) found that as the 
concentrations of the solution are increased, the osmotic pressure of a sucrose 
solution will approach that of a glucose solution. Ramsey, Tracy, and Ruehe 
(1933) suggest this to be due to the greater affinity of the sucrose particle for 
the water molecule with a consequent increase in concentration and osmotic 
pressure. 

Urbain and Miller (1930) found that glucose-treated yolk batters resisted 
fermentations and bacterial decomposition to a greater extent than those batters 
to which sucrose had been added. This difference was attributed to the greater 
osmotic pressure developed by the monosaccharide. Buchanan (1932) reported 
that, on heating, yeast spores were killed more readily in a sucrose solution 
than in a glucose solution of the same concentration. Fellers, Miller, and 
Onsdorff (1937) state that glucose sirups are considered to be more effective 
than sucrose sirups in the inhibition of microorganisms. They found no more 
spoilage in fruit products containing glucose than in those containing only 
sucrose. 


EXPERIMENTAL 

The plan of this investigation was formulated to study the effect of glucose, 
sucrose, and mixtures of both sugars on yeasts and molds which are microor- 
ganisms often associated with the spoilage of foods of high sugar concentrations. 
The index organisms selected were the common bakers’ yeast, Saccharomyces 
cerevisiae and the mold, Aspergillus niger. Although the different species of 
r'easts and molds may vary extensively one from the other, in manj^ of their 
.ictivities, the results obtained with Saccharomyces cerevisiae and Aspergillus 
niger should indicate the general trend of inhibition of other closely related 
microorganisms by these sugars. 

1 Contribution No. 423, Massachusetts Agricultural Experiment Station. 
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Methods 

The sugars used in these experiments were glucose and sucrose. The glucose 
was commercial anhydrous dextrose and the sucrose was commercial refined 
cane sugar. To prevent hydrolysis all sugar solutions were sterilized without 
heat by passage through a Seitz filter. Erlenmeyer flasks of 250 ml. capacity 
were used each containing 50 ml. of the sugar solution tested. Mineral nutrients 
(0.8% (NH 4 ) 2 S 04 , 0.1% CaCh, 0.15% KH2PO4, 0.2% KNO3, 0.1% NaCl, and 
0.05% MgS 04 ) were added to all flasks. To determine the extent of yeast 
growth, a direct microscopic count was made on a blood-counting chamber. 
Mold growth was determined by weighing the washed and dried mold mats. 


TABLE 1 

Growth of Saccharomyces cerevisiae in glucose and sucrose solutions 


SUGAR 

CONCEN- 

TRATION 

START 

YEAST CELLS PER MILLILITER (THOUSANDS OMITTEO) 
TIME OF INCUBATION IN DAYS 



1 

2 

4 


8 

10 

Sucrose 

per cent 

30 

300 

3,100 

6,500 

34,000 

25,000 

25,000 

25,000 

Glucose 

30 

300 

480 

750 

2,775 

22,760 

21,600 

19,500 

Glucose-Sucrose 

30 

300 

675 

950 

28,750 

25,000 

25,000 

25,000 

Sucrose 

40 

300 

420 

625 

12,750 

22,500 

22,500 

22,500 

Glucose 

40 

300 

325 

500 

525 

625 

1,240 

2,750 

Glucose-Sucrose 

40 

300 

450 

800 

4,850 

6,750 

9,100 

12,500 

Sucrose 

50 

300 

150 

275 

650 

850 

2,750 

4,500 

Glucose 

50 

300 

25 

100 

450 

700 

900 

950 

Glucose-Sucrose 

50 

300 

50 

225 

545 

450 

740 

1,125 


RESULTS 

Inhibiting effect of glucose and sucrose 

Flasks containing glucose, sucrose, and equal part mixtures of both sugars in 
solution were inoculated with yeast cells and mold spores. These solutions also 
contained added mineral salts (as above) which enhanced the growth of both 
the yeast and the mold. A preliminary experiment using only the sugars and 
distilled water established the desirability of adding these essential minerals 
to the sugar solutions and this practice was followed throughout the remainder 
of the investigation. 

All series consisted of 30, 40, and 50 per cent sirups by weight of each type of 
sugar. Direct counts were made of the yeast cells during a ten-day incubation 
period at 30®C. (86®C.). The results are shown in table 1. 

Table 1 indicates that inhibition was more marked as the content of either 
sugar or the mixture of both sugars was increased. Yeast growth was heavier, 
in general, in all the sucrose sirups than in either the glucose or the glucose- 
sucrose solutions. The mixture of the two sugars generally inhibited growth 
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to a degree between that of either sugar alone except in a few isolated cases. 
At the end of 10 days the cells in the 30 per cent glucose, 30 and 40 per cent 
sucrose, and 30 per cent glucose-sucrose solutions were in the stationary growth 
phase. The cells in the other sugar concentrations were near the end of the 
logarithmic growth phase. 

The mold flasks were incubated in the dark for six days at 30°C. (86®F.). 
As shown in table 2, glucose was found to exhibit a greater inhibitive action than 
sucrose at all concentrations used. A mixture of glucose and sucrose in sirups 
inhibited the growth of Aspergillus niger to an extent between that of solutions 
of similar concentrations of glucose and sucrose alone. The lowered pH after 
growth was due to the fact that mold utilizes sugar to produce acids. 

TABLE 2 


Growth of Aspergillua niger in glucose and sucrose solutions 


SUGAB 

COKCENTSA- 

TION 

INITIAL pH 

FINAL pH 

DRIED MOLD 
WEIGHT 

Sucrose 

per cent 

30 

6.0 

2.2 

mg. 

451 

Glucose . . 

30 

5 8 

2.4 

239 

Glucose -Sucrose 

30 

5.8 

2.3 

406 

Sucrose . 

40 

6.1 

2.3 

335 

Glucose ... 

40 

5.7 

2.4 

121 

Glucose-Sucrose ... 

40 

5.8 

2.4 

275 

Sucrose 

50 

6.0 

2.3 

198 

Glucose 

50 

5.4 

2.8 

97 

Glucose-Sucrose 

50 

5.8 

2.6 

139 


The inoculation consisted of about 8000 mold spores. 


Hydrogen-ion concentration 

Sterile sugar solutions were adjusted to pH 5.6 =fc 0.1 by the addition of 
O.IN NaOH or O.IN HCl and the experiments were repeated. Data of this 
experiment were considered superfluous and omitted. It was found that there 
was little or no difference in the results in both the yeast and the mold flasks. 
In other words, the slight difference in the initial pH between the sucrose and 
the glucose solutions was found to be of little importance. 

Effect of heat 

To determine the effect of pasteurization, flasks containing 50 ml. of sterile 
sucrose, glucose, and glucose-sucrose solutions were heated for 15 minutes in a 
water bath at 100®C. (212®F.). Inoculations of yeasts and mold spores were 
made in the cooled solutions as before and the cultures were incubated. 

The heat apparently had some effect on the inhibiting action of the glucose 
at least. The ability of glucose to inhibit yeast growth was greatly increased. 
The effectiveness of sucrose on the repression of yeast growth was increased 
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only in the 40 per cent concentration. Except for the greater inhibition effect 
of heat on the glucose solutions, the data are similar to those presented for 
unheated solutions and are therefore omitted. 

Mold growth was not affected to any considerable extent by the heated sugar 
solutions. 


Inhibiting action of sugars in fruit sirups 

The effect was determined of sucrose, glucose, and mixtures of the two sugars 
in apple, pineapple, and grapefruit juices on the growth of Aspergillus niger and 
Saccharomyces cerevisiae. The natural sugar content of filtered King David 
apple juice was increased to 40 per cent and 65 per cent by the addition of 
anhydrous glucose, sucrose, and a mixture of equal parts of both sugars. Com- 
mercially packed pineapple and grapefruit juices were prepared in a similar 


TABLE 3 

Growth of Saccharomyces cerevisiae in apple y pineapple , and 
grapefruit sirups 




YEAST CELLS FES MILLIUTES (THOUSANDS OMITTED) 

STJGAS 

CONCENTKA- 

TION 


7 days’ incubation 


Start 

Apple sirup 

Pineapple 

sirup 

Grapefruit 

sirup 

Sucrose 

per cent 

40 

400 

20,000 

8,750 

7,380 

Glucose 

40 

400 

11,000 

5,420 

5,040 

Glucose-Sucrose 

40 

400 

14,750 

7,200 

6,190 

Sucrose 

65 

400 

475 

No growth 

No growth 

Glucose -Sucrose 

65 

400 

425 

No growth 

No growth 

Control 


400 

20,000 

13,100 

12.900 


manner. All sirups were pasteurized and cooled before inoculations were made. 
Because a solution of glucose will crystallize at high concentrations, it was 
considered impractical to use a fruit juice with 66 per cent sugar made by adding 
glucose alone. Apple juice had a pH of 3.5; pineapple juice, 3.3; and grape- 
fruit juice, 3.1. 

At the end of seven days’ incubation the 40 per cent glucose and the 40 per 
cent mixtures of the two sugars in all cases showed a slightly greater inhibitive 
effect on the yeast than did the 40 per cent sucrose sirups (table 3). No growth 
was evident after seven days in either the grapefruit or the pineapple sirups 
containing 65 per cent sugar. The apple sirups at this high sugar concentration 
had an inhibiting effect also but displayed some slight growth of Saccharomyces 
cerevisiae. Compared with their respective controls, both the grapefruit and 
the pineapple sirups showed a marked restrictive influence in all sugar concen- 
trations on the yeast growth. 
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Table 4 shows that an apple sirup containing 40 per cent glucose was more 
effective in the inhibition of mold than either the 40 per cent sucrose or the 
40 per cent glucose-sucrose sirup. The 65 per cent sucrose solution permitted 
only a slight mold growth, 71 mg., but the flask containing the 65 per cent 
glucose-sucrose mixture had no mold growth at all. In comparison with the 
control with no added sugar, the 40 per cent sucrose solution and the 40 per 
cent mixture had little inhibiting effect on the mold growth but the 40 per cent 
glucose solution showed marked inhibition. 

Mold growth was quite similar in both pineapple and grapefruit sirups. In 
each case Aspergillus niger developed about half the growth in 40 per cent 
glucose that was manifest in 40 per cent sucrose sirup. In pineapple sirup the 
dried weight was 412 mg. in the 40 per cent sucrose flask and 201 mg. in the 40 
per cent glucose flask. Similarly, in the grapefruit sirup the weights were 409 mg. 
and 224 mg., respectively. In both sirups the 40 per cent glucose-sucrose mix- 


TABLE 4 

Growth of Aspergillus niger in apple, pineapple, and grapefruit sirups 


SUGAS 

CONCENTRATION 

DRIED liOLD WEIGHT 

Apple sirup 

Pineapple 

sirup 

Grape fruit 
sirup 


per cent 

mg. 

mg. 

mg. 

Sucrose 

40 

470 

412 

409 

Glucose 

40 

259 

201 

224 

Glucose-Sucrose 

40 

401 

311 

311 

Sucrose 

65 

71 

No growth 

No growth 

Glucose -Sucrose 

65 

No growth 

No growth 

No growth 

Control 


482 

673 

621 


The inoculation consisted of about 6000 mold spores. 


tures developed a mold mat whose weight was between that of the mold de- 
veloped in either sugar alone. As in the case of the yeast, no mold growth wsls 
observed in the 65 per cent sucrose and glucose-sucrose flasks. 

DISCUSSION 

The results indicate that 40 and 50 per cent glucose solutions are more effec- 
tive than sucrose solutions of the same concentrations in the repression of growth 
of both the mold and the yeast studied. The difference in inhibiting effect 
between the two sugars is probably based on the different osmotic pressures 
exerted by the sucrose and glucose. It would seem reasonable that this inhibi- 
tion of the growth of spoilage agents would be of importance in the manufacture 
of fruit products. The sugar concentrations chosen in this investigation are 
commonly used in commercial practice. Crystallization difficulties preclude 
the use of sugar in concentrations above 65 per cent in fruit products. 
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SUMMARY 

A study was made of the effect of 30, 40, and 50 per cent aqueous solutions 
of sucrose, glucose, and mixtures of these two sugars on the yeast Saccharomyces 
cerevisiae and the mold Aspergillus niger. 

In equal concentrations glucose was markedly more inhibitory than sucrose 
to Saccharomyces cerevisiae and Aspergillus niger. In general, mixtures of 
equal parts of the two sugars inhibited growth to a degree intermediate to 
that of either sugar alone at the same concentration. 

The ability of glucose to inhibit yeast growth was noticeably increased after 
the sugar solution had been heated for 15 minutes at 100®C. (212®F.) and cooled. 
Mold growth appeared to be little affected by heat treatment of either sugar. 

In apple, pineapple, and grapefruit sirups 40 per cent glucose inhibited the 
growth of Saccharomyces cerevisiae slightly more than did 40 per cent sucrose. 
Aspergillus niger displayed about half the mold mat development in 40 per cent 
glucose sirups as in the 40 per cent sucrose solutions. 

In almost all cases the equal part mixture of both sugars yielded results that 
were intermediate to those of either sugar alone used in the same concentration. 
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INTRODUCTORY 

Since Pasteur first demonstrated that certain microorganisms are able to 
exert antagonistic or antibiotic effects upon other organisms, an extensive litera- 
ture has accumulated (Waksman, 1941). The presence of living organisms is 
often necessary for the phenomenon of antagonism to take place. In many 
cases, the antagonist was found to produce an active substance responsible for 
this action. The active agent has been isolated, purified, and crystallized only 
in very few instances. Pyocyanase was the first antagonistic substance to have 
thus been obtained (Emmerich and Low, 1899). Several others have been iso- 
lated recently. 

Certain facts have now become recognized concerning the nature of the phe- 
nomenon produced by antagonistic microorganisms: 1. The various active sub- 
stances isolated from the different organisms vary considerably in their chemical 
nature; 2. these substances are selective in their action upon various organisms, 
showing variation even as regards specific types or strains of the different groups 
of bacteria acted upon; 3. the substances vary in the mechanism of their action, 
some being primarily bacteriostatic, and others bactericidal but not bacteriolytic, 
whereas still others are both bactericidal and bacteriolytic; 4. the antagonistic 
capacity is widely distributed among microorganisms and is not limited to any 
one group of bacteria or fungi. 

Active antibiotic agents have now been obtained from representative types of 
spore-forming bacteria, non-spore-forming bacteria, actinomycetes and fungi. 
Some of these agents have not yet been isolated in a pure state; however, they 
are well recognized, both chemically and biologically, and can be characterized 
by their specific properties. The following substances or preparations have 
received the greatest consideration: 1. pyocyanase, 2. pyocyanin, 3. grami- 
cidin, 4. tyrocidine, 5. penicillin, 6. gliotoxin, 7. actinomycin, and 8. strepto- 
thricin. The first four are of bacterial origin, the next two are produced by 
fungi, and the last two by actinomycetes. To these may be added several other 
preparations, of which the exact chemical nature or mode of action is less known, 
namely, actinomycetin, prodigiosin, fluorescin, microbial-lysozyme, active sub- 
stances obtained from species of AspergiU/as and from various other fungi and 
bacteria. Among the antagonistic phenomena which are now well recognized 
but for which no active substance has as yet been demonstrated, one may men- 

^ Journal Series paper, New Jersey Agricultural Experiment Station, Rutgers University, 
Department of Soil Microbiology. 
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tion the action of certain strains of Escherichia coli upon other bacteria, of vari- 
ous yeasts and of many fungi (Nakhimovskaia, 1938, 1939; Waksman, 1941). 

The origin, chemical nature and activities of the more important antagonistic 
substances of microbial origin thus far recognized are summarized in table 1. 
Because different methods have been used for testing the action of these sub- 
stances upon microorganisms and because different test organisms, known to 
vary greatly in the degree of sensitivity, have been employed, it is difficult to 
compare the results obtained by the different investigators, who have first 

TABLE 1 


Summary of known chemical properties of antibiotic agents of microdrganisms 


FSSPASATION 

OXOANISICS 

CHEMICAL NATUBE 

ORGANISMS ACTED UPON 

HEAT 

STABILITY 

Pyocyanase 

P. aeruginosa 

Lipoid 

Gram -positive and 
gram-negative 
bacteria 

Thermo- 

stable 

Pyocyanin 

P. aeruginosa 

Pigment 

Largely gram -positive 
bacteria 

Thermo- 

stable 

Tyrocidine 

B. brevis 
{Tyrothrix 
species) 

Polypeptide 

Largely gram-positive 
bacteria 

Thermo- 

stable 

Gramicidin 

B. brevis 
{Tyrothrix 
species) 

Polypeptide 

Largely gram -positive 
bacteria 

Thermo- 

stable 

Penicillin 

P. notatum 

Non -nitroge- 
nous body 

Various aerobic and 
anaerobic bacteria 

Thermo- 

labile 

Gliotoxin 

Trichoderma, 

Gliocladium 

Sulfur — con- 
taining ring 
compound 

Fungi and bacteria 

Thermo- 

stable 

Actinomycin 

A, antibioticus 

Polycyclic 

nitrogen 

compound 

All bacteria and fungi 

Thermo- 

stable 

Actinomyces 

Various 

Protein 

Stated to be similar to 

Thermo- 

lysozyme 

actinomycetes 
{A, violaceus) 


lysozyme 

stable 

Streptothricin 

A. lavendulae 

Organic base 

Various gram -negative 
and gram-positive 
bacteria 

Thermo- 

stable 


isolated or tested these preparations. Further, the action of these substances 
has only seldom been compared with that of known chemical compounds having 
similar properties or producing similar action. 

EXPERIMENTAL 

This study was undertaken for the purpose of throwing light upon the relative 
activity of antibiotic substances of microbiological origin and of well defined 
chemical compounds, by the use of the same technique and the same test or- 
ganisms. In the study of the bacteriostatic action of these preparations, two 
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gram-negative bacteria, two spore-forming and two non-spore-forming gram- 
positive bacteria, and two actinomycetes were used as test agents. These 
organisms were selected because of previously established variation in the degree 
of their sensitivity to the active substances. The two actinomycetes varied but 
little in their response; hence, only the results obtained with one of these are 
reported. In many cases, other test organisms, in addition to the above were 
also employed. 

In view of the marked effect of the composition of the medium upon the ac- 
tivity of the substance, three media were used, namely, nutrient agar, nutrient 
broth, and brain-heart-infusion agar. The cultures were streaked over the 
solidified agar plate or inoculated into the tubes containing the broth. Incuba- 
tion took place at 28® or 37®C., depending on the optimum conditions for the 
growth of the particular test organism, for 1 to 3 days. The active substances 
were dissolved in water, or, when required, in alcohol and diluted with water. 
Each active substance was added, in ten different concentrations, to 10 ml. por- 
tions of the test media. 

In order to avoid complication that would result from the reporting of all the 
details thus obtained, only those concentrations are reported at which bacterial 
grow’th became inhibited. Complete inhibition of growth of the test organism by 
a given concentration of the bacteriostatic agent is emphasized by the use of a 
minus ( — ) sign. When no inhibition was obtained even with the highest con- 
centration employed, a plus (+) sign is used. To illustrate this: 3 == partial 
inhibition of growth of the particular test organism by the addition of 3 milli- 
grams of the substance to 10 ml. of agar or broth; 3— = complete inhibition of 
growth by 3 milligrams of the substance; 3+ = no inhibition at all with 3 milli- 
grams of the substance, no higher concentration being used for making the 
particular test. 

The following 14 preparations and chemical compounds were employed in 
these studies, nine of these being of microbiological and one of biological, al- 
though not microbiological, origin; four were well defined chemical compounds of 
non-biological origin. 

1. Actinomydn, isolated from Actinomyces antibioticus, a crystalline substance 
(Waksman and Woodruff, 1941). The results reported in table 2 were calcu- 
lated on a dry basis of purified actinomycin A. 

2. Streptothricin, isolated from a strain of Actinomyces lavendulae, 
(Waksman and Woodruff, 1942). This was a highly purified preparation, al- 
though not in a crystalline state. A concentrated solution was used, containing, 
per 1 ml., 4 mg. of dry matter. The results are reported on the basis of dry 
material. 

3. Gramiddiny first isolated from BadUus brevis by Dubos (Dubos, 1939; 
Dubos and Hotchkiss, 1941). 

4. Tyroddine was also isolated by Dubos from B. brevis (Dubos, 1939; Dubos 
and Hotchkiss, 1941). 

5. Tyrothridn, a mixture of substances 3 and 4, or the total active material 
obtained from B. brevis. 
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6. Pyocyanase, a crude preparation isolated from an active culture of Pseudo- 
monos aeruginosa, by extraction with ether and concentration. 

7. Pyocyanin, which is also produced by P. aeruginosa-, however, for these 
studies, a synthetic preparation was used. 

8. Penicillin, a highly purified preparation obtained from a culture of PeniciU 
Hum notatum, 

9. Gliotoxin, isolated from Gliocladium fimbricatum in a crystalline form. 

10. Lysozyme or fresh egg-white. The results are reported on the basis of 
ml. of egg-white. The inclusion of this material is justified, because of the 
claims of Russian investigators that certain actinomycetes produce an active 
substance which is lysozyme-like in nature, and also because various bacteria 
are believed to be able to produce lysozyme. 

11. Tolu-p-quinone, included in this study for two reasons: (a) actinomycin 
was found to contain a quinone group; (b) a comparison of the bacteriostatic 
action of several quinones has shown that tolu-p-quinone is a highly active 
bacteriostatic agent. 

12. Phenol, the ordinary commercial product. 

13. Lay>ryl sulfate (Duponal M. E.) was included because of its marked de- 
tergent properties. 

14. Sulfanilamide, included in this study because of its selective action 
against various bacteria, comparable to substances of microbial origin. 

The results presented in table 2 show that the medium chosen for measuring 
bacteriostatic action of different preparations is of considerable importance. 
From 3 to 10 times as much actinomycin and streptothricin is necessary to 
inhibit the growth of the various test bacteria on brain-heart-infusion agar as on 
nutrient agar. This may be due to the presence in the brain-heart agar of 
specific inhibitors for these substances. Blood serum was found, in other 
experiments not reported here, to have no effect on the action of these substances ; 
however, it is known to interfere with the action of tyrocidine. Nutrient broth 
proved much more favorable than agar media for demonstrating bacteriostasis 
of the products of B. brevis. This may be due to the low solubility of these 
substances in water and to their poor diffusion in agar. 

The two gram-negative test bacteria were inhibited by streptothricin, pyo- 
cyanase, pyocyanin, gliotoxin, tolu-p-quinone, and high concentrations of 
phenol and sulfanilamide. The two aerobic spore-forming bacteria were in- 
hibited by a number of the preparations, particularly by actinomycin and 
gliotoxin. It is of special interest to note that Bacillus mycoides (at least the 
particular strain employed in this test) was highly resistant, whereas Bacillus 
subtilis was sensitive to streptothricin, lysozyme, and sulfanilamide. Both 
organisms were resistant to gramicidin. Micrococcus lysodeikticus and Sardna 
lutea were highly sensitive to actinomycin, gramicidin, t 3 Tocidine, penicillin, 
gliotoxin and lysozyme. The Actinomyces sp. was sensitive to most of the sub- 
stances when used in not too high dilutions. 

Because of the claims that peptone interferes with the activity of the active 
substances, a synthetic medium was also used, namely Czapek’s agar. The 



TABLE 2 

Bacteriostatic effects of agents of biological origin compared with pure chemical substances 
Concentration of active substance, in milligrams, per 10 ml. agar or broth at which growth of the test organisms becomes inhibited; complete 
inhibition is designated by — sign; no inhibition with the given concentration is designated by + sign. 
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results obtained (table 3) tend to show that, for most organisms, the activity of 
sulfanilamide is greater on the synthetic medium than on the peptone-containing 
media. This is somewhat true also of tyrocidine and of gramicidin. Actin- 
omycin and phenol, however, did not show any marked differences on the two 
types of media. 

Considerable variation was found in the degree of sensitivity of the different 
test bacteria to the various bacteriostatic agents employed. One may definitely 
conclude from these results that no one organism can be used as a single test 
agent for comparing the bacteriostatic properties of different substances. If 
phenol is used as a standard, the ratio between the inhibiting concentration of 
the particular substance against a certain organism and that of phenol gives the 
relative bacteriostatic activity of the substance for the specific organism. One 
may thus calculate that the “bacteriostatic phenol coefficient” of actinomycin 
for B. subtilis is 33,000 units; streptothricin, 3,330 units; tyrothricin, 33; tyro- 
cidine, 100; pyocyanase, 33; pyocyanin, 330; penicillin, 1,000; lysozyme, 330; 
gliotoxin, 3,300; toluquinone, 33; and sulfanilamide, 10. Using *S. lutea as the 
test organism, the corresponding coefficient figures for the above substances 
become 33,000, 330, 100, 330, 33, 330, 1,000, 10,000, 10,000, 100, and 1. 

In order to compare these results with those obtained by other investigators, 
it is sufficient to take sulfanilamide. In these tests, sulfanilamide gave a bac- 
teriostatic action against the two cocci and B, subtilis of 1 to 10 mg. per 10 ml. 
agar, or in dilutions of 1:1,000 to 1:10,000. MacKay (1941) reported recently 
that sulfanilamide permitted the growth of Staphylococcus aureus and B, subtilis, 
after 24 hours, in concentration of 1:5,000, on various serum media. 

When a crude preparation of penicillin was employed, in the form of the 
original culture medium, it was found to be also effective against gram-negative 
bacteria as well as certain gram-positive organisms not affected by the purified 
preparation. The concentrations of medium required to inhibit E. coli and 
Aerobacter aerogenes varied from 0.1 to 0.3 ml. per 10 ml. agar. Brucella 
abortus was inhibited by even lower concentrations. The action of the purified 
material is in conformity with the results obtained by the British investigators 
(Abraham, et aL, 1941). The importance of the composition of the medium, 
method of extraction, nature of test organism and of strain of antagonist em- 
ployed, which have been found to be of great importance in establishing the 
activity of the active substance of antagonistic organisms (Waksman, 1941) 
are thus shown to hold particularly true of the active agents of Penidllium 
notatum. 

The bacteriostatic action of several substances of microbial origin has been 
determined for several other gram-negative bacteria (table 4). Marked differ- 
ences were again brought out in the degree of sensitivity of the same organism 
to different preparations; different species of the same genus show different 
degrees of sensitivity against the same active substance. A comparative ex- 
amination of the effect of some of the other substances against B, abortus gave 
the following results, in milligrams per 10 ml. of nutrient agar: actinomycin, 
0.1, streptothricin, 0.05, gramicidin, 1, pyocyanase, 0.1— and gliotoxin, 0.01 — . 
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A detailed study of the bactericidal action of two substances of microbial 
origin, namely actinomycin and streptothricin, brought out that they behaved 
differently by this method as well. Actinomycin affected E, coli to a limited 
extent, unless used in relatively high concentrations, but it acted vigorously 
upon B. mhtilis and M, lysodeikticus. Streptothricin, on the other hand, had a 
marked bactericidal action upon both gram-negative and gram-positive bacteria. 
One further difference in the selective bactericidal action of these two substances 
was observed, namely, actinomycin brought about the death of the cells without 
accompanying lysis, whereas streptothricin exerted a bactericidal action often 
accompanied by lysis, especially in case of micrococci. 

Actinomycin has a slow bactericidal effect against bacteria. This is evident 
even with gram-negative bacteria which are ordinarily highly resistant to this 
substance. The results of an experiment using E. coli cells as the test organism 
may be reported here. E, coli was grown on nutrient agar. The cells were 
removed, washed, and then suspended in sterile tap water. One ml. of the cell 


TABLE 4 

Bacteriostatic action of actinomycin upon different species of Azotohacter 


ORGANISM 

CONCENTRATION 

OF ACTINOMYCIN, MG. PER 10 ML. AGAR 

1.0 

0.2 

0.05 

A, vinelandii . 

0 

2 

3 

A . agile .... 

1 

3 

3 

A. agile ... 

2 

3 

3 

A. indicum 

0 

1 

3 

A . chroococcum .... 

0 

2 

3 

A. heijerinckii . .... 

1 

3 

3 

Fresh soil culture . 

2 

3 

3 


0 = no growth; 1-3 = growth. 


suspension and varying amounts of an aqueous suspension of actinomycin were 
added to sterile test tubes, and the volume made to 10 ml. with sterile tap 
water. The tubes were incubated at 28°C. After 3, 7, 24, and 48 hours in- 
cubation, the numbers of surviving cells were determined by plating. The 
results were found (Waksman and Woodruff, 1940) to represent a monomolecular 
reaction similar to the action of chemical disinfectants. The results can be 
presented graphically by plotting the logarithms of the numbers of viable cells 
against the time of incubation. The first plating was made after 3 hours incuba- 
tion. Since the cells in the control did not change in number during the experi- 
ment, as evidenced by the straight line on the graph, this line was extended to 
the 0 hour ordinate, and the extension indicated by a broken line. With the 
highest amount of actinomycin, all cells were dead after 48 hours incubation. 
Since all cells died at some time between 24 and 48 hours incubation, the graph 
line was extended in a smooth curve to meet the abscissa, the last portion of this 
line being broken to indicate the extension. 
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An examination of the graphs (fig. 1) reveals that 0.004 mg. of actinomycin 
per 10 ml. suspension of resting cells of E, colt was insufficient to bring about a 
significant reduction in cell numbers. Ten times that concentration, or 0.04 
mg., proved slowly bactericidal and 0.4 mg. per 10 ml. proved markedly bac- 
tericidal. Both of these values are less than that required to inhibit E. coli 
growth (1-2 mg. per 10 ml. nutrient agar). This would seem to indicate that 
nutrient agar may contain some substance inhibitory to the action of actinomy- 
cin, or that the rapid multiplication of E, coli on nutrient agar is sufficient to 
overcome the slow bactericidal action of actinomycin, this action becoming 
evident only when cell multiplication is prevented. 



6 12 18 24 SO Sb 42 40 

Hours ot inoubatloo 


Fig. 1. Death Rate of E. coli Cells in Buffer Solution 

Further comparative studies of the bactericidal action of different substances 
of microbial origin tended to emphasize their selective nature even more mark- 
edly. For example, gliotoxin, which exerted a fairly strong inhibiting effect 
upon E, coli, had only a limited bactericidal action, even in concentrations of 
2 mg. per 10 ml. of broth culture. On another gram-negative organism. Brucella 
abortus, gliotoxin also exerted a lower bactericidal effect than actinomycin, 
crude penicillin, streptothricin and pyocyanase; the last two were by far most 
active in destroying this gram-negative pathogen. On the other hand, gliotoxin 
appeared to be more active bacteriostatically against certain bacteria than some 
of the other substances and preparations. 
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DISCUSSION 

The recent interest in the antagonistic interrelationships of microorganisms 
has led to the preparation of several substances of microbial origin which have 
marked bacteriostatic and bactericidal properties. Some of these have been 
isolated in the form of pure chemical compounds, whereas others have so far 
been demonstrated only in the form of crude preparations containing the active 
principle. The methods employed by various investigators for measuring 
bacteriostasis vary considerably, both as to medium employed and as to test 
organisms used. No adequate comparison can, therefore, be made of the 
activity of the various antibiotic substances produced by different antagonistic 
microorganisms. 

In this investigation, nine products of microbial origin, one other agent of 
biological origin and four synthetic chemical compounds have been tested by 
means of standard procedures for measuring bacteriostasis; seven test organisms 
and three different media were employed. Two of the substances, actinomycin 
and streptothricin, were of actinomyces (A. antibioticus, A. lavendulae) origin; 
three, tyrothricin, tyrocidine and gramicidin, were obtained from a spore-forming 
bacterium (B, brevis) ; two, pyocyanase and pyocyanin, from a non-spore forming 
gram-negative bacterium (P. aeruginosa)] two, gliotoxin and penicillin, were of 
fungus origin {Gliodadiumfimbricaiurn and PenicUlium notatum) . Egg white was 
used as the source of lysozyme, because an antagonistic agent obtained by 
certain investigators from different microorganisms was described as resembling 
lysozyme. For comparative purposes, phenol, tolu-p-quinone, lauryl sulfate, 
and sulfanilamide were also included. 

The differences in the degree of sensitivity of the particular test bacteria to 
the various substances were most striking. Gramicidin was found to be most 
specific in its action, being limited to the cocci (S. lutea and M. lysodeikticus) 
and acting to a slight extent upon actinomycetes. Purified penicillin was next 
to it in specific action, Actinomycin, tyrothricin, tyrocidine and gliotoxin 
acted primarily upon the gram-positive organisms and actinomycetes, much less 
upon gram-negative bacteria. This is in contrast to the generalized, even if 
more limited action of phenol and tolu-p-quinone, which behave alike in regard 
to both gram-positive and gram-negative organisms. Pyocyanase, pyocyanin 
and the crude penicillin (P. notatum culture filtrate) were similar to the chem- 
ical compounds in their action, since they were found to be generally bacterio- 
static over the wide range of the test organisms employed, no sharp division 
being obtained upon the basis of the gram stain. Streptothricin was unique 
in its action: the gram-positive spore-former B. subtilis was most sensitive but 
the other spore-former, B. mycoideSy was not affected at all by this substance; 
the gram-negative E. coli was more sensitive to streptothricin than either M. 
lysodeikticus or S, lutea. Sulfanilamide proved to be only slightly bacterio- 
static; however, it had a definite retarding effect upon the growth of the various 
organisms used in this study. 

As a whole, the substances of microbial origin were found to be stronger bac- 
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teriostatic agents than the chemicals tested. This is based upon a comparison 
of the actual weights of the active materials. However, if the molecular weights 
had been used as a basis, the differences would have become even more magni- 
fied since the microbial agents are of considerably higher molecular weight than 
the chemical disinfectants. 

It was found further that a high bacteriostatic action is not necessarily ac- 
companied by a high bactericidal action. Gliotoxin, for example, was probably 
the most active bacteriostatic substance. However, its bactericidal properties 
were much lower than those of other preparations. Streptothricin, on the other 
hand, was highly active bactcriostatically and bactericidally against certain 
gram-negative bacteria. Certain gram-positive organisms, such as B, mycoideSy 
usually very sensitive to the action of other compounds such as actinomycin, 
was highly resistant to streptothricin. 

These results tend to disprove certain claims (Dubos and Hotchkiss, 1941) 
in regard to specific morphological differences in the behavior of bacteria in 
accordance with the gram stain. It is true that as a rule the gram-positive 
bacteria are more sensitive to most of the antibiotic compounds than the gram- 
negative organisms. But there are substances which act quite differently, 
showing marked variations within each group. One might just as well separate 
all spore-forming bacteria on the basis of the action of streptothricin, or separate 
the spore-forming gram-positive bacteria from the gram-positive cocci on the 
basis of their sensitivity of gramicidin. 

It may also be noted here that some of the antibiotic substances have marked 
fungistatic and fungicidal properties. This is true especially of gliotoxin and 
actinomycin. These substances further vary in the degree of their toxicity to 
animals and in their action in vivo. The latter depends upon the solubility of 
the substances in water, their interaction with blood serum, their rate of ex- 
cretion, absorption by special organs, etc. 

In general, the following eight criteria must be carefully watched in comparing 
the selective action of antibiotic substances of microbial origin: 

1. The test organism employed for measuring antagonistic action, namely, 
fungi vs. bacteria, gram-positive vs. gram-negative bacteria, one species vs. 
another species, one strain of the same species vs. another strain, etc. 

2. Method of testing, including the composition of the medium, solid vs. 
liquid media, diffusion of active substance vs. suspension in medium. 

3. Bacteriostatic vs. bactericidal action. 

4. Mechanism of inhibition of bacterial growth by active substance. 

5. Degree of purity of active substance. 

6. Solubility of active substance, namely aqueous vs. alcoholic solution. 

7. Stability of substance, as influenced by temperature, aeration, reaction. 

8. Action in vitro vs. action in vivo. 

SUMMARY 

A comparative study has been made of the bacteriostatic and bactericidal 
properties of various known substances of microbial origin. Their action was 
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compared with that of egg-white lysozyme and different chemical agents com- 
monly used as disinfectants. Considerable variation was obtained by the use 
of different test organisms and different media for testing. A number of differ- 
ent organisms and several media were employed for measuring the comparative 
bacteriostatic action of the different preparations. From three to ten times as 
much actinomycin or streptothricin was necessary to cause the same inhibition 
in brain-heart-infusion agar as in nutrient agar. Inhibition by the slightly 
soluble products of Bacillus brevis was more marked in nutrient broth than in 
the agar media. 

V Striking differences were found to exist in the selective action of these sub- 
stances upon various bacteria. Gramicidin was most specific, acting primarily 
upon gram-positive micrococci. Actinomycin, tyrothricin, tyrocidine, purified 
penicillin, gliotoxin and the chemical detergent (lauryl sulfate) acted in low con- 
centrations upon gram-positive bacteria and only to a limited extent upon gram- 
negative organisms. Pyocyanase, pyocyanin and crude penicillin were similar 
in their action over the whole range of the test organisms used. Streptothricin 
was unique in its action, being highly active against certain gram-negative 
bacteria and having no action against certain gram-positive organisms. Upon a 
weight basis, the substances of microbial origin were found to be much stronger 
bacteriostatic agents than the chemical antiseptics tested. 

Marked differences were also obtained in the selective bactericidal action of 
the different preparations. Certain substances possessing high bacteriostatic 
properties were not necessarily also highly bactericidal. ^ 
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In none of the bacteria for which p-aminobcnzoic acid is essential does this 
compound act as a source of energy. On the other hand, related compounds, 
benzoic acid and hydroxybenzoic acids are readily oxidized by certain myco- 
bacteria (Bernheim, 1940, 1942). The oxygen uptake of H37 and Bi strains of 
the tubercle bacillus is increased in the presence of benzoic and o-hydroxy- 
benzoic acids but not in the presence of the m- or p-hydroxybcnzoic acids. A 
non-pathogenic species of mycobacteria obtained from Dr. Van NiePs collection 
oxidizes benzoic acid, m- and p-hydroxybenzoic acids but not o-hydroxybenzoic 
acid. It was therefore of interest to test the effect of these compounds on the 
growth of these bacteria. 

Experiments were carried out first with the non-pathogenic species. This 
species will grow with 0.2 per cent glucose as the sole source of carbon in a salt 
mixture already described (1942). The water was doubly distilled from alka- 
line KMn 04 and the glassware soaked in cleaning fluid for 48 hours. Upon 
replacing the glucose with either 0.2 per cent benzoic, or o-m- or p-hydroxy- 
benzoic acids it was found that growth occurred in all the tubes except those 
containing the o-hydroxybenzoic acid. The bacteria can thus utilize as a sole 
source of carbon only those compounds that they are able to oxidize. The 
growth in the tubes containing m- or p-hydrox 5 ^benzoic acids was as rapid as 
that in the glucose controls and reached the same density. The growth in the 
tubes containing benzoic acid was slower at the beginning, but reached the same 
end point. This corresponds to the fact that in the oxidation of benzoic acid 
there is a latent period which is much shorter when m- or p-hydroxybenzoic 
acid is oxidized. Evidently the introduction of the first oxygen into the ring 
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is the limiting factor. Control experiments showed that these bacteria could 
not use bicarbonate as a source of carbon. 

The H37 and Bi strains of the tubercle bacillus were obtained from Saranac 
Lake. On veal-glycerol infusion broth the Bi strain grows considerably more 
slowly than the H37. Addition of benzoic or o-hydroxybenzoic acid to this 
media in concentrations up to 5.0 mgm. per cent has no effect on the growth of 
either strain. Above this concentration the o-hydroxybenzoic acid inhibits 
growth whereas the benzoic acid up to a concentration of at least 15.0 mgm. 
per cent has no effect. 

Similar results were obtained with Long’s synthetic media and the H37 strain. 
The Bi strain did not grow on this medium. The benzoic acids could not act 
as the sole source of carbon. Controls showed that the H37 strain grew almost 
as well in the absence of the asparagin as it did in its presence. At the end of 
28 days, the average dry weight of five cultures grown on the complete media 
was 984 mgm, in the absence of asparagin it was 692 mgm. Washed suspen- 
sions of the H37 strain can oxidize and deaminate asparagin, indicating that 
it can utilize this compound if present. On the other hand the Bi strain under 
the same conditions is unable to oxidize asparagin. 
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Fermentation of Some Simple Carbohy- 
drates BY Members of the Pseudo- 
monas Genus. Leon Stein, R. H. Weaver 
and M. Scherago, Dept, of Bacteriology, 
University of Kentucky. 

A comparative study of methods for the 
determination of carbohydrate utilization 
by members of the Pseudomonas genus has 
been made. 

The results of these experiments make the 
following points evident: 

1. The ordinary meat-extract sugar broth 
medium, with indicator, is not to be relied 
upon to show acid production by members 
of this genus. 

2. A minimum buffered synthetic medium 
will reveal any acid production. 

3. Since the results of the potentiometric 
determinations confirm those obtained in 
the synthetic medium, with indicator, such 
determinations do not seem to be necessary, 
at least in routine work. 

4. Many strains of Pseudomonas utilize 
sugars without the production of any evi- 
dent acid. 

5. The use of a synthetic medium, without 
indicator, containing the carbohydrate as 
the only source of energy and of carbon, 
with growth as evidence of utilization, is 
the best routine method for the determina- 
tion of carbohydrate utilization by mem- 
bers of the Pseudomonas genus. 

6. Many species of Pseudomonas were 
found to produce carbon dioxide when 
El dredge tubes were employed. 

7. All of the 24 strains of Pseudomonas 
which were studied have been found to 
utilize glucose, the majority to utilize 
maltose and some to utilize sucrose and 
lactose. 

The Problem of Thermoduric Bacteria 
in Short-Time High-Temperature Pas- 
teurization. V, F. 0* Daniel, Ewing 
Von -Allmen Dairy Co., Louisville, Ky. 
The isolation of thermoduric organisms 
from milk and a consideration of their 


thermal resistance indicates that the ther- 
moduric problem is not to be overcome by 
increasing the temperature or time of 
pasteurization, but rather by the elimina- 
tion of the organisms from the raw supply 
by educating the producers to use the proper 
sanitary practices. 

Line -run tests at hourly intervals for 
three consecutive days showed that the 
pasteurizer was causing an average reduc- 
tion in bacterial count of 89.1 per cent. 
After the sanitary conditions on the farms 
of 48 shippers (out of 350) whose milk had 
been found to pasteurize out with high 
counts had been improved, a similar study 
showed that the pasteurizer caused an 
average reduction in bacterial count of 
98.5 per cent. 

Entrance of Non -Motile Bacteria and 
Chemicals into Water-Soaked Tobacco 
Leaves. Stephen Diachun, W. D. VaU 
leau, and E. M. Johnson, Kentucky 
Agricultural Experiment Station. 

It was previously reported that water- 
soaking of tobacco leaves enables leafspot 
bacteria to enter the leaves, presumably 
through water channels occurring in the 
stomata from the outside to the inside of 
the leaf. The object of the study reported 
here was to determine whether the bacteria 
enter the leaves by means of their own 
motility, or are carried in by action of some 
outside force. 

Non -mo tile bacteria (Staphylococcus 
aureus) were placed on water-soaked tissue 
and non-water-soaked tissue of the same 
leaf. After the water-soaking disappeared 
(within 30 minutes) the leaf surface was 
sterilized with HgCL; representative por- 
tions of the leaf were cut out, crushed, and 
mixed with agar in petri plates. Within a 
few days thousands of colonies of S. aureus 
developed on each plate prepared from 
water-soaked tissue; no colonies were pres- 
ent on plates prepared from non -water- 
soaked similarly inoculated tissue. This 
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test shows that swimming is not necessary 
for bacterial invasion of leaves. 

India ink entered water>soaked leaf tissue 
rapidly, producing a blackening that could 
not be washed off; ink did not enter non- 
water-soaked tissue. 

Solutions of HgCl 2 and CuS 04 , and Bor- 
deaux mixture entered water-soaked leaf 
tissue rapidly, producing necrosis. This 
suggests the possibility that naturally in- 
duced water-soaking may play a part in the 
occurrence of spray injury. 

Some Experiments on the Excretion op 
Nitrogen Compounds from Legume 
Roots. Hugh G. Myers, Kentucky Agri- 
cultural Experiment Station. 

Results of greenhouse and laboratory ex- 
periments at the Kentucky Station on the 
excretion of nitrogen compounds by legume 
roots as a means of N transfer from a legume 


to an associated nonlegume, were similar in 
general to the published results of other 
workers. Excretion occurred in less than 
three per cent of associated combinations of 
vetch and rye; and no excretion was ob- 
tained with mixtures of vetch and ryegrass, 
red clover and orchard grass, or alfalfa and 
bromegrass. Varying such factors as day 
length, light intensity, temperature, level of 
potassium in the substrate, and the strain 
of Rkizohium failed to bring about condi- 
tions consistently favorable to excretion. 
This mode of transfer of nitrogen from 
legume to nonlegume is of course different 
from that which occurs in disintegration 
and decomposition of legume roots. 

The investigation reported in this paper 
is in connection with a project of the Ken- 
tucky Agricultural Experiment Station and 
is published by permission of the Director. 


MISSOURI VALLEY BRANCH 
University op Nebraska, Lincoln, May 2, 1942 


Comparative Study of Media Used for 
THE Isolation op Oral Streptococci. 
K, D. Rose and C, E, Georgi, Department 
of Bacteriology, University of Nebraska, 
Lincoln, Neb. 

A series of media designed for the selective 
isolation of oral streptococci have been 
tested in the laboratory on a comparative 
basis with micro-organisms likely to be 
found on eating utehsils or in dishwater. 
The results indicate that media containing 
sodium azide, sodium azide and blood, or 
potassium tellurite are less inhibitory to 
organisms other than streptococci than a 
medium containing potassium tellurite and 
crystal violet, but the latter is also quite 
inhibitory to ‘‘typical** Streptococcus sali- 
varius. A medium containing sodium azide 
and potassium tellurite inhibits all con- 
taminants but Staphylococcus aureus and a 
Proteus species, the latter growing only in 
small discrete colonies. “Typical** Strepto- 
coccus salivarius grows without inhibition 
on this medium when the inoculum is suf- 
ficiently large to initiate growth. Experi- 
ments with serial dilutions of this organism 
indicate that the inoculum needed is greater 
than that normally occurring on restaurant 
glasses. A primary selective enrichment 


culture is probably necessary to assure 100% 
isolations in sanitary studies. 

The Influence of Microorganisms and 
Biological Products on the Physical 
Properties of a Loessial Subsoil. 
T. M, McCalla, Soil Conservation Service 
and Nebraska Experiment Station, 
Lincoln, Neb. 

A loessial subsoil containing 0.2 percent 
organic matter and 16 percent inorganic col- 
loid was used to determine the magnitude of 
the binding effect of microorganisms and 
biological products on the soil particles. 
Falling water drops were used to determine 
the energy required to destroy the structure 
formed in the presence of organic matter of 
microorganisms as compared with the origi- 
nal soil. 

The incorporation of organic matter into 
the loessial subsoil and the use of plant 
residue cover resulted in a high intake of 
water. When the untreated soil was used 
with a cover, the water intake was much 
lower. Water intake into the soil in which 
the growth of microorganisms was stimu- 
lated by sucrose treatment was high, even 
without a cover to break the impact of the 
falling water drops. The thousands of 
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fungus filaments bound the soil together 
into stable masses. 

The Heat Resistance of Mixed Cultures 
OF Streptococcus thermophilus and 
Certain Caseolytic Bacteria. H. J. 
Peppier j Department of Bacteriology, 
Kansas State College of Agriculture and 
Applied Science, Manhattan, Kansas. 
The activity of Streptococcus liquefaciens, 
Pseudomonas aeruginosa ^ Proteus ammoniac y 
and other caseolytic bacteria, in a skimrailk 
medium with Streptococcus thermophilus has 
been shown to stimulate the growth of S. 
thermophilus and to increase the activity of 
subcultures grown at 48°C. following heat- 
ing at 65°C. for 30 minutes. The degree of 
stimulation and increase in heat resistance 
of S. thermophilus varies with the number 
of caseolytic bacteria added. The heat 
resistance of some mixed cultures was equiv- 
alent to that of pure cultures of S. thermo- 
philus grown in milk media enriched with 
different commercial peptones. The ac- 
tivity of heat-treated subcultures of mixed 
cultures decreased sharply after the first 
culture generation as a result of the gradual 
suppression of the caseolytic associate. 

Enrichment of skimmilk with small 
amounts of heat-killed whey cultures of the 
caseolytic bacteria stimulated the acid pro- 
duction and increased the heat resistance of 
pure cultures of S. thermophilus to the same 
extent observed wdth corresponding mixed 
cultures. 

The increased heat resistance of the lactic 
acid organisms is probably related to the 
availability of nitrogen in the culture 
medium before heat treatment. Alkali- 
treated peptones added to the skimmilk 
medium for S. thermophilus possessed the 
same degree of stimulation exhibited by un- 
treated preparations. Various accessory 
substances, such as calcium pantothenate, 
1 -ascorbic acid, riboflavin, thiamin, and 
niacin added separately or in different com- 
binations to the culture medium, did 
not influence the heat resistance of S. 
thermophilus. 

When grown in skimmilk for 24 hours at 
32°C. and then heated at 55® or 58®C., all 
caseolytic bacteria, except P. aeruginosa 
and Achromobacter lipolyticumy survived 
after 60 minutes. At 55® C. P. aeruginosa 


and A . lipolyticum were killed in milk within 
25 minutes; at 58°C. both organisms failed 
to grow in milk after heating for 10 minutes. 

A Study of Certain Factors which 
Influence the Apparent Heat Resist- 
ance OF Bacteria. F. E. Nelson y Kansas 
Agricultural Experiment Station. 

The effects of different plating media and 
of variations in temperature and time of 
incubation upon the quantitative enumera- 
tion of heat-treated bacteria were studied. 
Pseudomonas aeruginosa y Escherichia coliy 
Staphylococcus aureus y Bacillus subtiliSy 
Streptococcus durans. Streptococcus lique- 
faciens and Streptococcus zymogenes were 
used. 

Within fairly wide limits of variation the 
factors studied had little or no effect upon 
the counts of unheated control cultures. 
Beef -infusion agar usually gave higher 
counts of heated bacteria than were ob- 
tained from three other media. For some 
lactic streptococci the new standard milk 
agar was very superior to ordinary nutrient 
agar. Incubation at 32®C. usually resulted 
in counts higher than at 21°, 28®, 37°, or 
42°C., and 06-hour counts were appreciably 
higher than 48-hour counts, especially at the 
lower temperatures of incubation. Heated 
bacteria were much more sensitive to the 
pH of the recovery medium than were the 
control organisms. Addition of thio- 
glycollic acid in amounts as small as 0.00021 
percent usually resulted in considerable 
increases in plate count of the heat-treated 
bacteria, while larger amounts had a still 
greater effect up to a limit which was a func- 
tion of medium and organism. Cysteine 
had a similar effect. 

By suitable plating procedures consider- 
able differences can be caused in the ap- 
parent number of survivors among heated 
bacteria. 

Growth of Non-sporulating Anaerobic 
Bacteria of Intestinal Origin in Syn- 
thetic Media. II. Essential Compo- 
nents and Additional Growth Stimulants. 
Don H. Larsen and Keith H. Lewis, De- 
partment of Bacteriology, University of 
Nebraska, Lincoln. 

Elimination of unnecessary constituents 
from a previously developed synthetic 
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medium consisting of 10 mineral salts, glu- 
cose, sodium lactate, glycerol, 17 amino 
acids and 14 growth factors has been at- 
tempted. Duplicate cultures of 15 or more 
representative strains of non-sporulating 
anaerobic bacteria were employed in all 
experiments. 

A combination of KsHP 04 , KH2PO4, NaCl 
and MgS 04 gave nearly as satisfactory 
growth alone as with the other six salts. 
Omission of sodium lactate and glycerol did 
not lessen growth in any instance and oc- 
casionally improved it. Elimination of 
amino acids either singly or in combination 
reduced the growth of the group as a whole. 
Individual strains could, however, develop 
in simplified mixtures of the amino acids. 
Of the 14 original growth factors all except 
pyruvic acid, pantothenic acid, nicotinic 
acid, pyridoxine and riboflavin were omitted 
without extensively changing the properties 
of the medium. Biotin, folic acid, adenylic 
acid, choline and p-amino benzoic acid, not 
included in the original 14 growth factors, 
were also tested. Only p-amino benzoic 
acid was active in the concentrations used. 
Addition of tryptone, liver extract or 
tomato juice to the synthetic medium im- 
proved growth, thus indicating that addi- 
tional unknown factors are needed. 

Bacterium Necrophorus Septicemia in 

Man. Victor B. Buhler^ Clark W. Seely y 

and Dorothy D. Dixon y General Hospital, 

Kansas City, Mo. 

Two cases of Bacterium necrophorus infec- 
tion with septicemia occurring in the human 
being are recorded in this paper. It is the 
opinion of the authors that B. necrophorus 
invasion in man is probably not such a rare 
occurrence as is commonly thought. They 
feel that more active investigation of com- 
mon infections by anaerobic methods may 
reveal this organism in a larger number of 
cases. 

B. necrophorus has long been fairly well 
known to veterinary medicine as the causa- 
tive agent in gangrenous stomatitis, lip, and 
leg ulcerations, and abscesses of the liver 
in horses, cattle, sheep, and numerous other 
domestic and wild animals. 

Human infections caused by B. necro- 
phorus are reviewed describing involvement 
of many organs including skin, lungs, naso- 


pharynx, gastro intestinal tract, and genito- 
urinary system. Only one proved case of 
septicemia is previously recorded. 

The two cases presented are reviewed in 
full giving case histories, hospital course, 
laboratory, and autopsy material. 

The source of B. necrophorus was thought 
to be from a peri -appendicitis in one case 
and from a perforating wound of the 
perineum in the other. 

From the bacteriological aspect the or- 
ganism is described morphologically and 
culturally. The media and methods used 
for isolation and identification are given in 
detail, with an accompanying comparative 
chart of Bacterium necrophorus and closely 
related organisms. The bibliography con- 
tains 31 references. 

Galacturonic Acid, A Constituent of a 
Bacterial Gum. C. E, Georgiy W. E. 
Militzery K. B. McCall y and D. A. Bixlery 
Departments of Bacteriology and Chem- 
istry, University of Nebraska, Lincoln, 
Nebraska. 

An unidentified bacterium produces large 
quantities of a polysaccharide gum when 
grown on an agar medium containing sucrose 
as the carbon source, KNOs as the nitrogen 
source and in addition, K 2 HPO 4 . Mass cul- 
tures were grown in Kolle flasks . Cells were 
removed by centrifuging at 45,000 r.p.m. 
after the gum had been greatly diluted in a 
weak aqueous solution of Na 2008 designed 
to reduce the viscosity so as to facilitate 
precipitation of the cells. Water was re- 
moved by heating to 50°C. at 15 mm. and 
the gum then precipitated with absolute 
EtOH. After filtering and drying, the gum 
was hydrolyzed with 2.5% H 2 SO 4 and pre- 
cipitated as the barium salt. Analysis of 
the latter indicated Ba~ 26-27% which is 
the theoretical value for a hexose. Oxida- 
tion of the barium salt with bromine water 
yielded mucic acid. The orcinol test ap- 
plied to the gum itself resulted in the detec- 
tion of furfural. These qualitative tests 
point to the presence of galacturonic acid 
as one of the constituents of the polysac- 
charide gum. 

Bacteriological Study of Machine and 
Handwashed Dishes at Haskell In- 
stitute. Harold G, NelsoUy Dept, of 
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Bacteriology, Univ. of Kansas, Lawrence. 
This study consisted of three examina- 
tions of the dishes from the dining halls, the 
cafe, and hospital at Haskell Institute, 
which is an Indian school located at 
Lawrence, Kansas. 

The enrollment at the school is approxi- 
mately 725 students. The hospital is a 
forty-bed institution. The dishes are 
washed by hand at the cafe and hospital 
while they are washed by machines at the 
dining halls. 

The first samples were obtained February 
16, 1942. The swab technic of Fellers, 
Levine and Harvey was employed. This 
technic was modified by streaking onto 
blood agar and proteose peptone III agar 
and inoculating lactose broth. The results 
were as follows: Machine washed, 8 or- 
ganisms per article; Hand washed, 27 or- 
ganisms per article. 

Loeffler’s tubes and lactose tubes were 
negative. 

Samples were again obtained on the 24th 
of February and run out as above. The 
results were as follows: Machine washed, 
13 organisms per article; Hand washed, 14 
organisms per article. 

Loeffler’s tubes and lactose tubes were 
again negative. 

The Kansas State Board of Health 
Method was employed on the third samples 
obtained February 27, 1942. This method 
is similar to the above method except that 
ten articles are swabbed rathor than one. 
Blood agar and lactose broth are also in- 
cluded. The results were as follows: Ma- 
chine washed, 31 organisms per article; 
Hand washed, 52 organisms per article. 

Since alpha streptococci were found on the 
hospital and cafe samples, it was recom- 
mended that the cups and glasses in these 
places be rinsed in a chlorine solution. 

The counts in all cases were quite low; 
however, the machine washed dishes yielded 
a lower count than did the hand washed 
dishes. 

Preliminary Report on a Survey to De- 
termine THE Bacteriological Condi- 
tion OF Utensils in the Service of 
Food. Evan Wright , Flora Acton and 
Charles A . Hunter , Kansas State Board of 
Health, Topeka. 


Utilization of Twenty-one Proprietary 
Peptones by Representative Aerobic 
AND Facultative Bacteria. Margaret 
McMaster and Carl E. Georgiy Dept, of 
Bacteriology, Lincoln, Nebraska. 

The growth of representative aerobic and 
facultative bacteria was followed qualita- 
tively and quantitatively on twenty -one 
commercial peptones. 

From the quantitative studies, it was ob- 
served that peptones vary a great deal in 
their ability to support the growth of the 
test organisms. Using peptones in con- 
centrations of 0.1%, 0.01%, and 0.001% in 
semi -solid glucose peptone agar, it was 
found that four peptones supported growth 
vigorously in these low concentrations. 

The peptones were compared qualita- 
tively as to their effectiveness in the detec- 
tion of acetyl -methyl -carbinol, the produc- 
tion of indole and of hydrogen sulfide. 

All the peptones tested, but one, con- 
tained sufficient compounds possessing a 
guanidine nucleus to give good tests for 
acetyl-methyl-carbinol when the latter was 
produced by the bacteria. 

Several peptones, five in number, were 
found to yield superior tests for the pro- 
duction of indole. Three did not contain 
enough tryptophane to give any positive 
tests with the organisms studied. 

Of the three indicator ions (iron, lead, 
and bismuth) used for the detection of hy- 
drogen-sulfide production, bismuth proved 
to be the most satisfactory, when used with 
the various peptones. Four peptones were 
found which yielded very good results with 
bismuth as the indicator. It was also found 
that the indicator used for the detection of 
hydrogen sulfide must be taken into account 
when a suitable peptone is being chosen. 
Three were not suitable for the demonstra- 
tion of hydrogen-sulfide production with 
any of the indicator ions. 

The Composition of Culture Media as 
It Affects the Fermentation Char- 
acteristics OF Corynbbacterium. 
Harle Barrett ^ Flora Acton and Charles A. 
Hunter, Kansas State Board of Health, 
Topeka, Kansas. 

A considerable number of nose and throat 
cultures from a selected group of individuals 
revealed the presence of Corynehacterium. 
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These were isolated by using tellurite blood 
agar and studied. 

Fermentation media were prepared by 
combining various fermentation bases and 
indicators. The fermentation of sucrose, 
glucose, and dextrin seemed to depend 
upon the composition of the culture media 
and the indicator used. 

The Effect of Gramicidin and Tyro- 

ciDiNE ON Various Bacteria. Cora M. 

Downs, University of Kansas, Lawrence. 

In a series of articles Dubos and Hotch- 
kiss and Dubos have described the isolation 
and identification of two bactericidal 
agents: gramicidin and tyrocidine, the first 
active chiefly against gram-positive or- 
ganisms, the second active against both 
gram-positive and gram-negative but more 
active against the latter. Downs has 
studied the effect of these substances on 
gonococci and meningococci. In the pres- 
ent study a comparison was made of the 
bactericidal substances in regard to their 
activity on various organisms. The sub- 
stances were diluted in 5 per cent glucose 
to the desired concentration mixed with an 
equal volume of the organism suspended in 
glucose, incubated at 37 °C. for three hours 
and cultured in suitable media. The fol- 
lowing amounts of gramicidin and tyro- 
cidine were found to ' be lethal for the 
organisms named: Pneumococci 0*“ 0.01 g, 
Tt 1 g: Hemolytic streptococci G 2 g, T 5 g. 
Staphylococcus aureus G 10 g, T 50 g. Menin- 
gococci G5g,Tl g; Gonococci G1 g;T .Olg; 
Pasteurella avicida T 500 g; Pasteurella 
tularensis virulent G 250 g, T 100 g; 
avirulent G 25 g, T 25 g; Shigella dysenteriae 
T 50 g; Escherichia coli T 500 g; Salmonella 
schottmiilleri T 250 g ; Eberihella typhosa 500 g. 

Where no figures are given for gramicidin, 
500 gs did not kill the organisms. Smaller 
amounts of the substances were bacterio- 
static but not bactericidal. When the sub- 
stances are used in amounts which are 
bactericidal the action is evident within the 
first hour as determined by plate counts. 
When bacteriostatic amounts are used there 
is a progressive decrease in numbers until 
after the fifth or sixth hours after which 
there is a gradual increase. 

* Gramicidin in micrograms. 

t Tyrocidine in micrograms. 


Studies on the Rbagin Content op 
Normal and Syphilitic Rabbits. Noble 
P. Sherwood and Carolyn Collins, Depart- 
ment of Bacteriology, University of 
Kansas, Lawrence, Kansas. 

The Kahn Verification test as well as other 
serological tests was used in the study of the 
blood serum of eighty -nine normal, adult, 
male rabbits. Fifteen of these were used as 
uninoculated normal controls and seventy- 
four of the rabbits were inoculated intra- 
testicularly with Treponema pallidum, 
Darkfield examinations were made at var- 
ious intervals of time to determine the 
presence or absence of spirochetes. The 
shortest interval of time elapsing between 
infection and darkfield examination was five 
days. The results of these examinations 
were positive. 

The maximum titer of reagin in uninocu- 
lated animals or in animals before inocula- 
tion was three Kahn units. The minimum 
was no Kahn units. Fluctuations between 
completely negative and detectable amounts 
of reagin were observed in all normal con- 
trols. Following inoculation with T. pal- 
lidum there would develop, usually within 
two or three weeks, a marked increase in 
reagin. This might or might not be, in the 
beginning, of the syphilitic type according 
to Kahn’s Verification test, but as infection 
progressed, this syphilitic type of reaction 
predominated although fluctuations oc- 
curred; for some weeks the general biological 
type of reaction would replace the syphi- 
litic type. 

Reagin titers of as much as thirty Kahn 
units were commonly reached during infec- 
tion. After a variable number of weeks the 
reagin titer would drop, gradually, to within 
normal limits in most of the infected rabbits 
that we were able to study for a long period 
of time. 

During infection there was not only 
variation in the kind of reaction but there 
was variation in amount of reagin from week 
to week. Some rabbits were studied as long 
as fifty -one weeks. In others the period of 
observation has been limited to ten weeks. 

1941 Kansas Intrastate Evaluation 
Study on the Performance op Sebo- 
Di AGNOSTIC Tests for Syphilis . Charles 
A, Hunter, and Frank Victor, Public 
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Health Laboratories, Kansas State Board 
of Health. 

Two-hundred-and -twenty-five blood spec- 
imens, of which 117 were from syphilitics 
and 108 were from presumably non-syphi- 
litics, were sent to 31 laboratories that 
voluntarily entered the evaluation study. 
The U. S. Venereal Disease Research Lab- 
oratory also received a set of the specimens. 

The State Laboratory served as the con- 
trol laboratory. 

The results were as follows : 


Kahn Standard 

Number of Laboratories entered 25 

Number of laboratories low in sensitivity 10 
Number of laboratories low in specificity 7 

Number of laboratories low in both 1 

Total number of laboratories failing to 
meet standards 17 

Complement Fixation 

Number laboratories entered 20 

N umber laboratories low in sensitivity . . 3 

N umber laboratories low in specificity ... 6 

Total number laboratories failed 9 

Kline Diagnostic 

Number of laboratories entered 6 

N umber of laboratories low in sensitivity 0 
Number of laboratories low in specificity. 6 
Total number laboratories failed 6 


An Attempt to Demonstrate a Virus as 

THE Cause of Mastitis in Cattle. 

L. D. Bushnell, Kansas State College, 

Manhattan. 

In 1939, Broadhurst, Cameron and Mc- 
Lean reported on a filterable virus as the 
probable cause of mastitis in cows. 

In our investigations, milk was obtained 
from cows with typical clinical mastitis and 
an attempt made to demonstrate a virus on 
the chorioallantois of the developing embryo 
of the hen’s egg. 

The cellular sediment was stained by 
several methods and various bodies which 
may have been inclusion bodies were demon- 
strated. 

The milk was filtered and eggs of 10 to 12 
days incubation were inoculated with from 
0.1 ml. to 0.5 ml. In no instance could virus 
lesions be demonstrated. 


Samples of milk treated with 50% glyc- 
erol, 1:1000 merthiolate, 1:1000 phenol, 
1:1000 crystal violet finally became free of 
bacteria and were inoculated on the egg 
membranes. In a few instances there was a 
thickening or clouding of the membrane. 
Sections of these membranes were trans- 
ferred to other eggs but we were unable to 
cultivate a virus by this means. 

The conclusion reached was that we were 
unable to demonstrate a virus for mastitis 
by this means. 

Bacterial Invasion op the Chorio-al- 
LANToic Membrane. Cornelia M, Downs 
and Seymour S» Kalter^ Department of 
Bacteriology, University of Kansas, Law- 
rence, Kansas 

This paper represents a preliminary re- 
port involving certain immunological as- 
pects of bacterial infection of the chorio -al- 
lantoic membrane of chick embryos. The 
technic employed is essentially that of 
Goodpasture, et al., and in all cases so far 
described the pathology of the infection of 
these membranes corresponds to that de- 
scribed by Goodpasture. 

Studies thus far have been made with 
Staphylococcus aureus and Neisseria men- 
ingitidis. 

Immunological studies so far have been 
limited to the use of immune sera placed 
directly upon the membrane immediately 
before adding the infecting dose. Immune 
rabbit serum against staphylococcus with an 
agglutinating titer of 1:640 was used. A 
commercial polyvalent horse antiserum 
was used for protection against the men- 
ingococci, with an agglutinating titer of 
1:320. Our controls consisted of normal 
rabbit serum, in the case of the staphylo- 
cocci, and normal horse serum for the 
meningococci, corresponding to the immune 
serum used. 

There was no significant protection ob- 
tained by immune serum against staphylo- 
cocci. The staphylococcus was recovered 
from the membrane af ter twelve hours . An 
exudate appeared at this time, followed by 
ulceration of the membrane. The exudate 
involved the mesoderm also. The organism 
grew extracellularly and there was no in- 
tracellular invasion. 

When meningococci were used, the anti- 
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serum protected the embryo which survived 
what was a lethal dose of cocci in untreated 
chicks. In the untreated embryos only one 
lived 96 hours, with the majority dying be- 
fore 72 hours. On both the protected and 
unprotected membranes, no exudate was 
noticed until 18 hours at which time the 
organism was recoverable from small pieces 
of the membrane. Grossly there is a thick- 


ening of the membrane and slight hemor- 
rhagic areas were noted on the untreated 
membranes. 

Demonstration op the Titration op 
Various Viruses on Chorio-allantoic 
Membranes. Jean Ruhhraj Carolyn CoU 
Una and Seymour Kalter, University of 
Kansas, Lawrence. 


JOINT MEETING, NEW JERSEY AND NEW YORK BRANCHES 
Princeton, N. J., May 16, 1942 


The Eppect op Certain Carcinogenic 
Hydrocarbons on the Growth Rates 
OP E. coLi AND S. aureus. G. David 
Novelli, Department of Bacteriology, 
Rutgers University. 

The effect of methyl cholanthrene; 
1 , 2, 5, 6, dibenzanthracene ; 3-4-benzpyrene 
and 1,2-benzanthracene on the growth rate 
of Escherichia coli and Staphylococcus aureus 
was studied by making growth curves of 
the organisms in the presence of the hydro- 
carbons as compared with a standard 
control. 

Both methylcholanthrene and 1,2,5,6- 
dibenzanthracene stimulated the growth 
rate of E, coli and S. aureus in the concen- 
trations employed. Both of these com- 
pounds were more effective on S. aureus 
than on E. coli. Methylcholanthrene 
caused an increase in maximum numbers of 
36% with S. aureus as compared to a 25% 
increase with E. coli. Dibenzanthracene 
caused an increase of 17% with E. coli as 
compared to a 19% increase with S. aureus. 
1,2-Benzanthracene had no effect on S. 
aureus. It proved, however, to be slightly 
inhibitory to the E. coli culture. This in- 
hibition did not occur until after the maxi- 
mum numbers had been attained. 

The effect of 3,4-benzpyrene was found to 
vary both with the concentration of the 
compound and with the size of the inoculum. 
The greatest effect on E. coli was found to 
occur when a small inoculum was used. In 
high concentrations and using a large 
inoculum the effect of this compound was 
seemingly inhibitory. At a concentration 
of 30 milligrams %, a concentration at 
which this compound was slightly inhibitory 
to E. coli, it caused a 52% inhibition of the 


S. aureus culture, suggesting that these 
compounds behave differently with dif- 
ferent organisms. 

Remarks Concerning Some Hecent De- 
velopments IN Bacterial Metabolism. 
Dr. J. H. Quastely Rothamsted Experi- 
mental Station, England. 

The Effects of Detergents on Proteins, 
Viruses, and Bacteria. Dr. M. L. 
Anson, The Rockefeller Institute, Prince- 
ton. 

Observations on the Anti-Bacterial 
Action of Surface Active Cations. 
E. I. Valko and A. S. DuBois, Onyx Oil 
and Chemical Company, Jersey City, 
New Jersey. 

The bactericidal effect of a surface active 
cation, e.g., N-n -dodecyl-N '-ethyl -benzo- 
triazolium ion is greatly diminished when 
other surface active cations which are less 
toxic to the bacteria, e.g., N-n-hexadexyl- 
or N -n-octadecyl-N '-ethyl -benzotriazolium 
ion, are present. The phenomenon indi- 
cates that, either on the surface of, or in the 
bacteria there are certain spaces available 
for the surface active cations. If these 
spaces are occupied by harmless cations the 
bacteria are protected against the toxic 
cations, provided the harmless cations are 
more firmly attached to the bacteria than 
the toxic ones. 

The concentration of surface active cation 
which is determined by the F.D.A. method 
as killing, is not always lethal to bacteria. 
By detoxication with surface active anions 
the bacteria which were treated with the 
“killing** concentration can recover their 
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ability to growth. E.g., Staphylococcus 
aureus treated for 6 min. with alkyl -di- 
methyl-benzylammonium chloride of a con- 
centration corresponding to five hundred 
per cent of the “killing” concentration can 
be revived by a 6 min. treatment with an 
equivalent amount of sodium lorol sulfate. 

Chemical, Physical and Immunological 
Properties of Egg Albumin Denatured 
IN Various Ways. C. F. MacPherson^ 
M. HeidelhergeTy and D. Moore, Depart- 
ments of Medicine and Anatomy, College 
of Physicians and Surgeons, Columbia 
University, New York City. 

Calculations of the particle weights of 
purified acid, alkali and heat denatured egg 
albumins from sedimentation and diffusion 
measurements show that these substances 
are aggregates. The size of the aggregates 
depends on the type of product and on the 


extent to which it has been exposed to the 
a-ggregating influences of salt or long stand- 
ing in the flocked state. 

The viscosities of these products decrease 
from several months after preparation, and 
evidence from viscosity and diffusion data 
has been given to show that the shape of the 
aggregate resembles that of a disk. 

The mobilities of acid and heat denatured 
egg albumin are the same as that of the 
native protein. The mobility of alkali de- 
natured egg albumin is lower. 

The different types of products have been 
found to exhibit small quantitative im- 
munological differences. 

Epidemic Kerato-Conjunctivitis. Dr, 
Murray Sanders, Department of Ophthal- 
mology, College of Physicians and Sur- 
geons, New York. 




THE MICROBIAL FLORA OF THE ROCKY MOUNTAIN WOOD TICK, 
DERMACENTOR ANDERSONI STILES 

EDWARD A. STEINHAUS 

U, S. Public Health Service, Rocky Mountain Laboratory, Hamilton, Montana 
Received for publication, January 8, 1942 

This report is concerned with the results of a study of the microbial flora of 
2502 adult specimens of the Rocky Mountain wood tick, Dermacentor andersoni, 
obtained from various sources. ‘The accumulated data suggest that the bac- 
terial flora of this tick is largely fortuitous, consisting chiefly of adventitious 
organisms acquired while feeding on its host. 

MATERIALS AND METHODS 

Part of the ticks tested were from a laboratory strain initiated in 1934 and 
reared subsequently through several generations, and part were collected from 
nature in western Montana. There were 2016 unfed specimens and 486 that 
had recently received a blood meal. One hundred and forty-five lots were 
tested. A few of the lots contained numerous ticks, some only two; the re- 
mainder averaged 10 ticks each. In addition, a considerable number of ticks 
were dissected and the various organs examined separately. 

Each lot was prepared for examination by first immersing the ticks in tincture 
of merthiolate for 4 to 5 hours, then rinsing them thoroughly with 5 changes 
of sterile saline (0.5 ml. of the last wash was cultured), and finally by triturating 
the ticks (except those dissected) in sterile saline. The resulting suspension 
was then examined for bacteria, yeasts, molds, rickettsiae, and motile protozoa 
by the techniques outlined below. 


BACTERIA 

Techniques 

The triturated tick suspension was streaked on glucose beef-infusion agar. 
North’s gelatin chocolate blood agar, and cystine heart agar plates. Tubes of 
Noguchi’s leptospira medium were also frequently inoculated. As a routine 
test for anaerobes, deep tubes of sodium-thioglycollate broth containing minced 
pork brain were inoculated and the surface of the broth covered with a layer of 
vaseline. Occasionally pyrogallic-acid sodium-hydroxide as well as vacuum 
methods were also used. The cystine heart agar and one North’s gelatin 
chocolate blood agar plate were incubated at 37.5°C. while another North’s 
gelatin chocolate agar plate, one glucose plate, the leptospira medium, and the 
sodium-thioglycollate broth were incubated at room temperature (25 to 28®C.). 

In addition to the culture work, slides of the triturated tick suspensions were 
made and stained with Ziehl-Neelsen’s carbol fuchsin for the detection of acid- 
fast organisms. 

Each strain of bacterium isolated was subjected to a complete cultural, 
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morphologic, physiologic and pathogenic examination. In determining physi- 
ologic properties the cocci were cultured in 12 differential media and all other 
forms were cultured in 30. For the pathogenicity tests each strain was in- 
jected into guinea pigs (intraperitoneally and subcutaneously), rabbits (intra- 
peritoneally and intravenously), and mice (intraperitoneally) in varying dosages. 

Results 

Seventy-seven strains of bacteria were isolated and studied. These included 
18 strains of gram-negative rods, 5 gram-positive rods, 47 gram-positive cocci, 
and 7 gram-positive spore-forming rods. No acid-fast bacteria were observed. 
Table 1 gives the number and percentage of bacteria in each morphologic 
group according to the sources of the ticks and to the condition of the ticks 
with respect to their blood meal. 

When male and female unfed ticks were examined separately no essential 
difference was noted in the kinds of bacteria isolated. Most of the 'ffed’’ 
ticks tested were partially to fully engorged females. 

In the case of those ticks which were dissected and the various organs or 
parts examined separately, cultivable bacteria were isolated from only the 
alimentary tract. It is known, however, that the bacterium causing tularemia 
may occur also in the Malpighian tubes and coelomic fluid of this tick (Francis, 
1927). 

Percentage of ticks harboring bacteria. In general, percentages of ticks har- 
boring bacteria indicate that unfed ticks from vegetation contained the fewest 
bacteria (1.2 per cent) and the ticks from the domestic sheep harbored the most 
(17 per cent). If, however, one considers only the engorged female ticks from, 
for example, the domestic sheep, the percentage rises to almost 20. Since the 
latter ticks were examined in pairs, the percentage might have been higher 
if each tick had been examined individually. 

The failure to recover bacteria from ticks from nature subsequently fed on 
domestic rabbits apparently does not present a true picture since well over one 
per cent of those reared on rabbits for use in production of Rocky Mountain 
spotted fever vaccine harbor bacteria. 

Considering the data in general, it is convenient to suppose that each bac- 
terial strain arose from one tick. Analyzed on this basis, the data give the fol- 
lowing results: Of the 2010 unfed ticks, 1.6 per cent harbored bacteria, while 
of the 486 recently fed ticks, 9.1 per cent yielded bacteria. In other words, on 
the average, over 5 times as many fed ticks harbored bacteria as unfed ticks. 
There was no essential difference between laboratory-reared ticks and those 
collected in nature so far as the percentage of lots from which bacterial strains 
were recovered. 

Kinds of bacteria. The 77 strains of bacteria were tentatively classified as 
to genus as follows: one of the genus Achromobacter, 4 Alcaligenes, 7 Bacillus^ 
2 Corynebacterium, 4 of the coliform group (probably Escherichia)^ 2 Flavobac- 
terium, 47 Micrococcus^ 4 Pasteurella, 2 Pseudomonas, and 2 gram-positive and 
2 gram-negative rods were unidentified. The 4 strains of Pasteurella were all 



TABLE 1 

Number of bacterial strains, according to their morphologic group, isolated from adult D. andersoni obtained from 



Total number of ticks 1085 777 157 94 166 8 58 100 30 27 2502 

Percentage of ticks harboring bacteria 2.9 1.2 4.5 0(?) 3.0 12.5 1.7 17.0 3.3 14.8 
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P, tularensis isolated from the engorged female ticks obtained from domestic 
sheep. As far as the writer is aware, this is the first instance of P. tularensis 

TABLE 2 


Reactions of micrococci in differential media 


GROUP 

1 

STRAINS PRODUCING AdD IN 

STRAINS 

PRODUCING 

NO. 

Glucose 

Lactose 

Sucrose 

Manni- 

tol 

H2S 

NO2 
from 1 
NOa 

TESTED 

1. Pigment yellow to orange ;f 

Number 

2 

2 

2 

2 

0 

0 

2 

gelatin not liquefied \ 

Per cent 

100 

100 

100 

100 

0 

0 


2. Pigment yellow to orange ;f 

Number 

17 

12 

17 

14 

0 

17 

18 

gelatin liquefied \ 

Per cent 

94.4 

66.6 

94.4 

88.8 

0 

94.4 


3. Pigment red; gelatin notf 

Number 

0 

0 

0 

0 

0 

0 

1 

liquefied \ 

Per cent 

0 

0 

0 

0 

0 

0 


4. No pigment, (white); gelatinf 

Number 

3 

2 

3 

1 

1 

2 

7 

not liquefied \ 

Per cent 

42.9 

28.6 

42.9 

14.3 

57.1 

28.6 


5. No pigment, (white); gelatinf 

Number 

18 

13 

18 

12 

5 

16 

19 

liquefied \ 

Per cent 

94.7 

68.4 

94.7 

63.1 

26.3 

90.0 


All Groups 1 

Number 

40 

29 

40 

29 

9 

35 

47 

Per cent 

85.1 

61.7 

85.1 

61.7 

19.1 

74.4 



TABLE 3 

Bacterial strains^ according to genus j tested for 'pathogenicity in guinea pigs, rabbits 

and mice 


GENUS 

NO. OP 

STRAINS TESTED 

NO. OP STRAINS PATHOGENIC POR 

Guinea 

pigs 

Rabbits 

Mice 

Achromobacter 

1 

0 ' 

0 

1 

Alcaligenes 1 

4 

0 

0 

3 

Bacillus . ; 

7 

2 

1 

3 

Conforms (probably Escherichia) 

4 

3 

1 

4 

Corynebacteriurn 

2 

0 

0 

0 

Flavohacterium 

2 

0 

0 

0 

Micrococcus 

47 

0 

4 

4 

Pasteurella 

4 

4 

4 

4 

Pseudomonas 

2 

0 

0 

1 

Unidentified 

4 

1 

0 

1 

Totals 

77 

10 

10 

21 


being isolated from Dermacentor andersoni by cultural methods. Parker and 
Spencer (1924) detected the tularemia organism in ticks by animal inoculation. 
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Excepting the four strains of P. tvlarensisy the only instances of multiple 
isolations were in the genus Micrococcus, Three species were each isolated 
twice, one 3 times, and one 5 times. Each isolation was from a different lot 
of ticks. 

The largest number of bacteria of any morphologic group were of the genus 
Micrococcus, No attempt was made to classify them specifically, but following 
the general scheme of Bergey’s Manual, they have been divided into 5 groups. 
Their characteristics are given in table 2. In the main they show the charac- 
teristics typical of saprophytic micrococci. 

Pathogenicity tests. As shown in table 3, 10 of the 77 strains were pathogenic 
to guinea pigs, 10 to rabbits, and 21 to mice. In each case the criterion of 
pathogenicity was the death of the animal. With the exception of the 4 strains 
of Pasteurella tularensis, only two strains were pathogenic to all three animals: 
a coliform (probably Escherichia) and a Bacillus {Bacillus megatherium). In 
all, 23 different strains were pathogenic for at least one of the 3 species of test 
animals. 

In view of the observations of many investigators that the fermentation of 
mannitol is a characteristic property of pathogenic staphylococci, it is interest- 
ing to note that while 29 of the cocci isolated produced acid in mannitol only 5 
of these were pathogenic. The sixth pathogenic coccus did not ferment this 
carbohydrate. 

Immunity tests. Because the rickettsia of Rocky Mountain spotted fever 
occurs spontaneously in Dermacentor andersoni, immunity tests against this dis- 
ease were given to the guinea pigs which had been inoculated with the various 
strains of bacteria, in order to determine if there was any cross-immunity. 
To do this, 1.0 ml. of guinea pig blood virus of Rocky Mountain spotted fever 
(a D, andersoni strain) was inoculated into each pig which had survived the 
inoculation of bacteria for at least 20 days. In no case was any immunity 
shown. 


OTHER MICROORGANISMS 

Yeasts and molds. Examinations for these higher fungi yielded two strains 
of yeast but no molds. The two yeasts were not identified as to species but 
very probably belong to the tribe Saccharomyceteae. They were non-patho- 
genic for guinea pigs, rabbits, and mice. 

Rickettsiae, The Rocky Mountain spotted fever rickettsia, Dermacentroxenus 
rickettsii Wolbach; the rickettsia of American Q fever, Rickettsia diaporica Cox; 
and a non-pathogenic rickettsia-like organism which has been studied by the 
writer and is the subject of a separate report, may occur spontaneously in D. 
andersoni. Several strains of Rocky Mountain spotted fever were isolated 
in guinea pigs inoculated with recently fed ticks from nature. 

Because of the diflSculty in differentiating microscropically between these 
three species in the tick, the presence or absence of rickettsiae was recorded 
for each lot of ticks examined without any regard as to the species of rickettisa 
concerned. Of the 145 lots examined, rickettsiae were observed in 94. The 
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number of Rocky Mountain spotted fever rickettsiae observed would, of course, 
be much smaller than this (see Parker and Spencer (1926)). All examinations 
for rickettsiae were made using both Macchiavello’s and Giemsa’s staining 
methods. 

Spirochaetes, The suspension from each lot of ticks was stained with Giemsa’s 
spirochaete stain. Of the 130 lots so examined, none showed spirochaetes. 

Motile protozoa. The triturated tick suspensions from 130 lots of ticks were 
observed by the “wet mount’’ and occasionally by the “hanging drop” method 
for motile protozoa. In no case were any observed. These examinations were 
more or less cursory and should not be considered final. On several occasions 
forms which may have been encysted protozoa were seen but were not identi- 
fied as such with certainty. 

Bacteriophage. Though no routine examinations for bacteriophage were 
made, one strain was found associated with a strain of Micrococcus isolated 
from engorged female ticks obtained from domestic sheep. Apparently this 
is the first record of bacteriophage being isolated from ticks. About this 
same time, on two different occasions, a gram-negative short rod was isolated 
from another species of tick, Dermax^entor alhipictus. This bacterium was also 
heavily infected with a strain of bacteriophage. 

ACQUISITION OP BACTERIA BY TICKS 

During the course of the investigation, it became apparent that fed ticks 
harbored bacteria more frequently than did unfed ones. This fact suggested 
that ticks must acquire bacteria from their hosts while feeding. Since most of 
the strains isolated were saprophytes rather than pathogens, it did not seem 
reasonable that these bacteria were acquired with ingested blood. Therefore, 
the possibility that bacteria may be acquired adventitiously from the skin of 
the host was tested. Tests were made with Serratia marcescens and an unidenti- 
fied Micrococcus isolated from D. andersoni. Serratia marcescens was chosen 
because of its pigment and because our studies had not yielded any organisms 
of this genus. 

Cultures of these organisms were thinly smeared over the surface of the skin 
area on which the ticks were to feed. The test ticks were confined to this area 
by metal capsules and allowed to feed to engorgement. Their exteriors were 
then sterilized in the usual manner and their internal organs cultured on glucose 
beef-infusion agar. The three stages, larvae, nymphs, and adults were all 
treated in this manner. In every case it was shown that the test bacteria could 
be acquired from the skin surface of the host animal. 

DISCUSSION 

The literature contains several statements suggesting that the alimentary 
tract of ticks is invariably sterile. This general conclusion appears to be based 
on the work of Hindle and Duncan (1925) and Duncan (1926), who found the 
gut contents of Argos persicus to be devoid of bacteria and to contain a bac- 
teriostatic principle. From the results of the present investigation, it is appar- 
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ent that in the case of Dermacentor andersoni the bacterial flora, consisting 
largely of organisms contained in the alimentary tract, is not an established 
one in the sense that it is in the case of certain of the Hexopoda. Instead, it 
appears that most of the bacteria this tick may harbor are the result of the 
fortuitous acquisition of these organisms from its host. This is shown by a 
comparison of the flora in D, andersoni and that found in some insects (Stein- 
haus, 1941). In the latter there were found 53 per cent gram-negative rods, 
20.5 per cent gram-positive cocci, 12 per cent gram-positive short rods, and 14.5 
per cent gram-positive spore-formers, while the flora of the tick consists of 23.4 
per cent gram-negative rods, 61.0 per cent gram-positive cocci, 6.5 per cent 
gram-positive short rods, and 9.1 per cent gram-positive spore-formers. 

Since it is generally accepted that the bacteria of the skin surfaces of most 
animals consists largely of cocci and since this appears to be the principal source 
of the D, andersoni flora, it is not surprising to find that over 60 per cent of the 
bacteria of this tick belongs to this group of microbes nor that most of them 
were non-pathogenic. Nevertheless, 23 different strains were pathogenic for 
one or more of the 3 kinds of test animals used. 

Though we used media similar to that employed by Noguchi (1926) we were 
unable to recover, with certainty, the three organisms {Bacillus rickettsiformis, 
Bacillus pseudoxerosis, and Bacillus equidistans) isolated by him from Z). an- 
dersoni. On several occasions we did isolate gram-negative short rods which 
were similar to those he described. Since apparently none of Noguchi’s orig- 
inal cultures are available, it was not possible to make a close comparison. 

SUMMARY 

A study of the internal microbial flora of 2502 specimens of the Rocky Moun- 
tain wood tick, Dermacentor andersoni, obtained from various sources, yielded 
77 strains of bacteria, 2 strains of yeasts, at least 1 rickettsia (that of Rocky 
Mountain spotted fever), 1 rickettsia-like organism, and 1 strain of bacterio- 
phage. No acid-fast bacteria, molds, spirochaetes or motile protozoa were 
observed in any of the ticks examined. Each of the 77 strains of bacteria were 
studied in detail with respect to their cultural, morphologic, physiologic, and 
pathogenic characteristics. 

Of 2016 unfed adult ticks, only 1.6 per cent harbored bacteria, but of 486 
recently fed ticks, bacteria were found in a minimum percentage of 9.1. One 
possible explanation of the greater number of bacteria in recently fed ticks is the 
experimental finding that feeding ticks can ingest bacteria from surface of skin 
to which they are attached. The evidence suggests that the bacterial flora of 
D. andersoni is a fortuitous one consisting chiefly of adventitious organisms 
apparently acquired from its hosts. 
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When myxobacteria of the family Myxococcaceae are grown on agar slants, a 
striking abnormality in the production of fruiting bodies is often apparent. The 
fruits formed along the line of inoculation are not scattered at random, but are 
definitely oriented in roughly parallel lines at right angles to the line of inocula- 
tion. Sometimes each line is composed of a scries of the usual discrete, approxi- 
mately spherical fruiting bodies, but in other cases the individual fruits become 
confluent, so that a ridge of microcysts is formed. Due to the spread of the 
vegetative swarm, fruits are also ultimately formed on the agar surfaces on 
either side of the line of inoculation; such fruits always exhibit the customary 
random distribution and normal shape. In fig. 1 is shown a slant culture of 
Myxococcus fulvus which illustrates this phenomenon. It was first observed in 
this species, but is also exhibited by all the other members of the Myxococcaceae 
which I have studied. 

In seeking for an explanation of this behavior, it was at once apparent that 
chemical stimuli could not be invoked, since they would also have affected the 
fruiting process as it occurred in the regions of the slant surface away from the 
line of inoculation. The only conceivable difference between the streaked and 
unstreaked areas of the agar was a physical one. Accordingly, a series of experi- 
ments was performed in order to clarify the nature of the physical forces involved. 

MATERIALS AND METHODS 

As a test organism, Chondrococcus (Myxococcus) exiguus (Kofler) nov, comb.^ 
was selected since it possessed several marked advantages for the purposes of the 
investigation. The fruiting bodies of this species are very small and incon- 
spicuous, but they are formed in extreme abundance and in a comparatively 
short period of time on dung agar. The medium employed throughout was 
dung-decoction agar. The dung decoction was prepared by boiling horse or 
rabbit dung with twice the volume of water for 15 or 20 minutes, filtering, and 
diluting to an appropriate concentration (usually a tenfold dilution; this has to 
be varied somewhat, however, from one lot of dung to the next). To the 
diluted dung decoction 2% agar was added. 

'Present address: Division of Applied Biology, National Research Council, Ottawa, 
Canada. 

2 A complete description of this organism, together with the reasons for its separation 
from C, coralloides, with which it was combined by Jahn (1924) will be given in a later 
publication. 
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EXPERIMENTS 

Experiment 1. Using sterile precautions, a rectangular piece of dung agar 
was cut out of a poured plate and placed over a glass rod in another petri dish 
as shown in fig. 2. The upper surface of the agar lying directly over the glass 






Fig. 1. Mtxococcus ptovus, Showing the Distribution or Fruiting Bodies on 
AN Agar Slant. Explanation in Text 




Fig. 2. The Set-up Used in Experiment 1, Viewed from Above and from the Side 
T he arrows in the upper diagram indicate the directions of stress on the agar surface. 


rod was thus brought into a state of tension, which gradually decreased on either 
side and changed into a state of compression. 

Under ordinary circumstances, a myxobacterial swarm will spread evenly in 
all directions from the point of inoculation, thus forming a circular colony. 
However, in this experiment the swarm behaved in an entirely different manner. 
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From the point of inoculation (marked X in fig. 2) it spread rapidly along the 
lines of tension but hardly at all across them; then, as it reached the region 
where the agar was in a state of compression, the direction of movement shifted 
by 90 degrees, so that the final shape assumed was that shown in fig. 3. Micro- 
scopic examination showed that the individual rods in the swarm were oriented 
parallel to the direction of movement and to the lines of force in any given 
region. Fruiting body formation occurred in irregular parallel lines which lay 
at right angles to the direction in which movement had tak('n place (fig. 3). 
The marked difference betwecm fruiting body formation on stressed and un- 
stress(‘d media is shown in fig. 4. This experiment was repeated a number of 
times and always gave similar n^sults. Occasionally th(‘ inoculation was made 
on th(^ two ends of the agar strip which, lying flat on the floor of the petri dish, 
are subjected neither to tension nor to compression. In such cases, normal 



Fig 3 (iRowTH of exiguxts in Experiment 1 
The stipph'd area represents the swarm; the black lines within this area n’present th(' 
fruiting bodies. 


fruiting body formation occurred in the areas surrounding 1h(' inoculum, but 
chang(‘d sharply to th(* oriented pattern in those parts of the swarm whitdi had 
reatdied and fiuited on the areas of compression (fig. 5). 

Experiment 2, Some sterile glass beads were scattered over t.h(‘ surface of a 
dung agar plate, which was then inoculatc'd in th(' center. Normal random 
fruiting occurred in the regions free of beads, but around each bead the fruits 
were formed in irregular concentric rings, which gradually became less marked 
as the distance from the bead increased. The same phenomenon, although less 
sharply defined, is often observable in the immediate^ luaghborhood of the in- 
oculum, as can be seen in fig. 4. 

Experiment 3, A dung-agar plate was inoculatc'd in tlu' center and incubated 
in a vertical position. lender these conditions no distortion of swarm or fruiting 
bodies took place, showing that the previously noted effects could not be 
attributed to gravitational forces. 
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Fic. 4. Fruiting Body Formation by exiguus 
A On an unstressed surface. Note the indications of a concentric arranKenunit around 
the inoculum (large dark patch). H. On a surface subjected to tension. 
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INTERPRETATION AND DISCUSSION OF THE RESULTS 

Th(‘so experiments makent apparent that thei)eeuliar manner of fruiUnj^-body- 
formation first observed on slants is only a scu'ondary ('ffcict, induecHl by oriented 
movement, of the swarm. Furthermore, it is clear that the directive for(;(^ 
which afTects th(^ vc'getative cells is derived from the stn'sses in the agar gel 
which is acting as th(' substratii. Thus there are two distinct cpiestions to b(‘ 
answered; what are the factors causing oriented movement of the vi^getative 
c(41s? and how does the orientation of the vegetative cells alter the shape and 
arrangement of the fruiting structures? 

r w 


V 

✓ 



Fk; 5 FiiriTiNiJ Hod'V Foumxtion in (\ kxkjuus. Showing; thk ( Ui \N (;k in P\TrKUN 
\.s THK S\N \KM Sl’HEM) FROM \N UNSTRESSED SuRFV(’E TO OnE SttBJECTED TO 

IMPRESSION 


Th(‘ ori('ntation of growth, i-ather than movement, of living c(‘lls in response' 
to stretching oi* compn'ssion of the substrate is a phenonu'iion which has long 
been known. In a masterly series of experinu^nts, .Jacobsen (1907) and S('rg('nt 
(19()(), 1907) showe'd that tlu' growth pattern of Kurthia {Zopjius) zopjii in and 
on g('latin iiK'dia is conditioiK'd absolutely by th(' strc'sses which occur in tlu' 
gelatin. In a number of inge'iiious ways they producc'd jiredictable stresses in 
the g('latin which were patterned in every de'tail by the growing Kurthia threads. 
Similar studies were later conducted by Kufferath (1911). More lecc'iitly 
Weiss (1933, 1934, 1939) has studied extensivi'ly the oriented growth in vitro 
of vertebrates cells on coagulated plasma subjected to strevsse's. The patterns of 
development describc'd by Weiss, Jacobsen, Sergent and Kutferath arc broadly 
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comparable to those found in the present work, and there can be little doubt 
that in all these cases the factors responsible are the same. 

W(4ss has explained the directive effect of tensions as being due to the produc- 
tion of orient('d structures in the substrate whos(» pattern is retraced by the 
developing cells; to this ^^ultrastructural organization’^ he has ascribed a major 
organizational role in embryological development. In order for this explanation 
to b(' valid, the substrate (ground substance) must be composed of large mole- 
cules possessing elasticity and (capable of assuming a long chain stnicture under 
the influence of mechanical tension. These recjuirements are fulfilled by all 
three substrates on which the phenomenon has been observed. In coagulat(*d 
plasma and g(4atin the chemical sk(4eton consists of ])olyj)('ptide chains, in 
agar of j)olysaccharide chains large polymc^ric molecules which can bec^ome 
oriented in the j)ostulated maiiiKu*. Particularly in tin* case of gelatin tlu* 
potential oricmtability of the molecules has been clearly shown by X-ray analysis 
of stretched gels (for literature see Meyer and Mark (1930)). 2% agar gels 

under tension exhibit birefringence, although unstretched agar of the same 
concentration does not — an indication that lu^re also the' necessary oriented 
st ructure's can be pre)elueu'd by mechanie^al forces. 

Pe'i'haps the' most convincing pie'en? of evieienere' in sup])ort of Weiss’ hype)the'sis 
is the e)bse^i‘vation, maele' by Weiss, Jae*.e)bse'n and myself, that after the^ re'lease 
e)f te'nsie)n e)riente'd growth or mem'me'nt will still occur, due te) the fae’t that the 
e)Tientation in the' substrate has becomes semipermanent. In the piesent, we)rk 
this is best shown by the preliminary e)bservatie)n of oriented fruiting ale)ng the 
line e)f inoculatiem e)f an agar slant lemg after the tensiem cause'el by pulling the' 
le)e)p e)ve'r the' agar has be'en lemovc'e!. T have observeel the same' phe'ne)me'ne)n 
e)n i)late*s streakeel with Cylopfiaga krzemienivwskac anel C. diffluem. The' swarm 
spi*e*a(ls far more' rapidly alemg the' stre'aks than at right- angles te) them, althe)Ugh 
the* pattern eve'iitually bece)me's e)blite'rate'd l^y the ele'com position e)f the agar. 
That syne'resis canne)t be* a causative fae*-te)r here is she)wn by the^ fact that, ori- 
e'lite'el gre)wth ce)ntinues as le)ng as the thirel elay afte'i* inoculatie)n. 

Thus the primary e'ffe*ct of an enhmte'el ultrastructure* e)n the* devele)pment, e^f 
myxe)bacte'ria consists eff an iiieluce'd orientatiem in the swarm e)f ve'ge'tative* e^'lls. 
flow eie)es this in turn k'ad te) the e)bse'rved e)rie'ntatie)n e)f the fruiting be)elie's? 

I'nele'r ne)imal circumstance's when fruiting ex'dirs e)n an unstre'sse'el me'dium 
tlie* ve'ge'tative* ce'lls in any give'n re'gion e)f the swarm move' t,e)warels e)ne‘ or me)re? 
pe)ints e)n the surfae'e* e)f the* agar anel aggivgate there te) fe)rm the fruiting locus. 
The cells in these loci then gradually bee*,e>me' transformed into microcysts. The 
ve'getativei re)els in the* are'a surre)uneling a fruiting le>cus e)riemt and move te)warels 
it fre)m all sieles, just as if the'y were iron filings being attracted to the pole of a 
magiie't. As a lesult, the mature fruiting be)dy temels to be circular, e)r appre)xi- 
mately so, in cross section. This is most perfectly exemplified in Myxococcus 
fnlvm anel A/, viresema; Chondrococciis exigum anel the e)ther Chondrococcaa 
spee*ies which I have stueiieel form somewhat irregular fruits. The normal 
fruiting proe*e'ss is shown diagrammatically in fig. 6. 

On a substrate whiedi is under temsion the free movement erf the vegetative 
cells in all directions necessary for the formation of round, discrete fruiting 
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bodies is no longer possible or is greatly reduced; the cells can move back and 
forth parallel to the oriented ultrastructure of the substrate, but their movement 
across the lines of force is impeded. Thus when the stimulus to fruiting occurs, 
the vegetative cells are prevented from moving directly to the locus, and aggre- 
gate instead in irregular lines, as shown in fig. 7. If the orientation is weak, 
suflScient movement across the lines of stress may occur to make possible the 
formation of a row of discrete fruiting bodies, but on more strongly oriented 
substrates the final result will be a continuous ridge of microcysts. 



A B C 

Fig. 6. Diagrammatic Representation of Fruiting Body Formation in the Family 
Myxococcaceae as it Occurs on an Unstressed Medium 
A. Undifferentiated swarm. B. Vegetative cells moving to a fruiting locus. C. Ma- 
ture fruiting body. A completely random arrangement of vegetative cells as shown in 4 A 
is actually rarely seen, since there are usually waves and ridges of oriented moving cells all 
through the swarm; however, the cells in such regions are potentially capable of moving in 
any direction. 



A B C 


Fig. 7. Diagrammatic Representation of Fruiting Body Formation in the 
Myxococcaceae as it Occurs on an Oriented Surface 
A. Undifferentiated swarm. B. Vegetative cells moving to a fruiting line. C. Mature 
fruiting body. 

Jacobsen proposed the name elasticotropism for the directed growth of Kurthia 
zopfii through stretched gels; on the basis of his terminology, the directed move- 
ment of the myxobacterial swarm under similar conditions should be called an 
elasticotaxis. 


SUMMARY 

Swarm movement in myxobacteria belonging to the family Myxococcaceae is 
oriented parallel to stresses in the agar substrate, which results in a subsequent 
orientation of the fruiting bodies in irregular lines at right angles to the direction 
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of movement. The possible cause of this phenomenon, which may be termed 
an elasticotaxis, is discussed with particular reference to the hypothesis of 
Weiss. 
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tUIl.TURK ON THK C^IIK^K (CHORIO ALLANTOIS AS A TEST OF 
INACTIVATION OF VACCCINIA VIRUS‘ 


WOIXCOTT B. iniNHAM and WAHL J. Ma(NKAL 

Department of Bacteriology , New York Post-Graduate Medical School and Hospital, Columbia 

L' nicer SI (y 

l{(;c(*ivo(l for pulilication, Jamiaiy H), 

"riioro is (*()nsi(l(‘ral)le ovidonco of an ompirical nat.uro to iii(li(*at{‘ that the 
habitual iis(‘ as a garglo and mouth wash, of an antiseptic solutkm so mild that 
it may he tolerated in contact with tlu' mu(*ous membraiu*, affords some dc'gree 
of ])rotec1ion against upiier respiratory infections. Thomson and Thomson 
(1932) writing in n‘gard to j)r('vention of (*olds have said “Probably one of the 
most important methods of reducing the chanci' of infection is by m(\‘ins of 
gargling the throat and tn'ating tlu^ nasal passjiges with sonu' mild antis(*ptic 
onc(' or more times daily, mor(‘ (‘sp(‘cially during epidemics. Th(‘r(‘ has Ikm'Ii 
a. great deal of controv(M*sy over this pro(*edure, but it scM^ms to us (‘\tr(aiu*ly 
r(*asonabl(' to supi)ose tluit just as w(* can pr(‘vent inh'ction with vemax'al disease's 
through the application of antiseptics soon after exposure' sei we' sheiuld be' able' 
te) pre've'iit elre)ple't infection from re'spirat.ory elise'ase's by gargling anel washing 
e)ut the nasal e*avitie‘s with we'ak antise'])tie*s.” (Page' 137.) This suppeise'el 
fave)rable effe'e't may be ascribeel in part to the' me‘e*hanical remeival eif mie'reibe'S 
anel their toxic prejducts, in j)art te) a favorable infliu'nce' upein the' bleieiel supply 
te) the mue*e)us membrane's anel in part to a dire'e*t ge'rmie*ielal e)i* re'strainiug e'ffe'e't 
upe)n the' mie're)-e)rganisms the'insc'lv^s. It is peissible that similar e'flee'ts come' 
inte) j)lay whe'ii a gargle is emple)yeel by the* physie*ian te) treat tlu' e'aily stage's e)f 
a i)haryiigeal inflammation. 

In imme'eliate relatie)!! te) the pre)blem e)f pre've'iiting infe'(*t iems of the* uj)pe*i* 
re'S])irate)ry tract is the epie'stie)n wlu'ther such milel antise*ptie‘s may or may ne)t 
e'xhibit an inae't ivating or re*st raining e'ffe'e't upon filte'iabk' pathoge'iiic age'iits 
kne)wn as viruse's, whie'h are* ne)Av ge*ne'rally re'garele'd as im])()rtant e'ausative 
facte)rs in se)me' e)f the'se u|)pe'r re'S])irate)ry infe'e'tie)iis. \\'ithe)ut (‘xperime'ntal 
stuely, a mere* surve'y e)f the kne)wn charae-te'rs of the'se* viruse's sugge'ste'el to us 
that, an appre'e'iable effe'ct, u])e)n them by any sue*h mild aiitise'j)tie' was harelly 
te) be* e'xpe'cte'el. He)W’e'ver, the experime'ntal e)bse'rvatie)ns eif eitlu'rs already 
re‘ce)rele'el serveel te) put us on guarel against i)re)phe'tie* assum])tie)ns in ivgarel te) 
this matte'i*. 

In order te) ave)id, as far as might be, the tlK'e)retie*al e'litangleme'iits and 
uncertainties which tend to ce)nfuse virus research, it seemeel wise* to initiate 
our stuelie's by utilizing e)ne e)f the best kne)wn e)f tlie'se* age'iits giving rise te) 
leisieins in man, namely the virus of vaccinia. Our knowle'elge e)f this virus rests 
ufion numerous repeateel scientitie* e)bservatie)ns l\y many w’e)rke'rs e)vei- a e*e)n- 

1 Aided in part by the Virus Hescarch Fund of the Jiamhert Pharniaeal Company, St. 
Louis, Missouri. 
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sidenihle iM^’iod of years in contrast to the somewhat insecure and unconfirmed 
doctrines which an* current in respect to some other viruses. The individual 
^4rus particle of vaccinia, the Piischen body, may be accepted as a definite^ 
morphological entity. The lesions resulting from inoculation of the virus to 
man, calf, rabbit and to th(» membranes of developing chi(^k embryos an^ well 
known. The latter lesions are distinctly visible and possess characteristics 
which p(*rmit them to b(' recognized with a fair degree' of accuracy by the eye 
and suffi(*iently differentiated so that they can b(' recorded by i)hotographs and 
prese'ived as permanent specime'iis in plastic mounts (Dunham, 1941). Vac- 
cinia virus is a[)parently an altered type' of the' virus of varie)la anel varie)la is a 
elise'ase' of man which may be acepiire'd by inhalation e)f elry mate'rial harboring 
the' virus e)r by the inte*ntional applie'ation e)f such material te) the mue'ous me*m- 
brane of the uppe'i* respiratory regiem, as in the anede'iit practise e)f varie)lafJe)n. 
Ane)ther advantage is founel in the harmless epiality of this virus in re'latie)n to 
vae*cinateel human inelividuals, a matter e)f some impe)rtane*e' in e*e>nse'rving labe)- 
rate)ry peu’sonne'l fe)r work upe)n viruse's. Furthermore the effe'ct e)f antise'ptie*s 
on vae*e*inia virus has alre'ady bee'ii stuelie'd to a considerable' exte'iit anel furtlu'i* 
inve'stigation of this matter e‘anne)t be expecteel gre'atly to alter the' habits of 
the' general population ne)r te) revolutiemize the' prae4ise e)f i)hysie*ians. Hene*e' 
the e'xaminatie)!! of this e|ue'stion may l)e undertake'ii in a epiie't. atme)sphe‘re' e)f 
scie'Titific enejuiry some'tinu's referreKl te) as acaelemie*. 

Two strains e)f vacednia virus have' been use'd: (1) the glyce'rinated vac(*ine' of 
the I)e'partme*nt e)f Tle^alth of New' York Cfity, elistribute'd fe)r j)rae*tie*al use' in the' 
.le'nnerian vae*e*ination e^f the' pe)pulatie)n anel (2) an e‘gg-aelapted vae*cinia virus. 
Strain ('AKB, kindly supplit'el to us by Docte)r Je)se'i)h K, Smaele'l of the' Rocke- 
fe'ller Institute, New ^'^e)rk City. This latter strain was receive'd in the' fe)rm of 
two specimens of virus-infected tissue. One was a che)rie)-allante)ie* membrane' 
whiedi hael be'en i)re^serve'd in the fre)ze'n state fe)r more than a ye'ar. The e)the*r 
was a ])ie'ce e)f similar tissue which hael be'e'U elrie'el rapidly wdiile fre)ze'n anel tlu'u 
pre'serve'el in the elry state. In e)ur hanels this virus has been pre)pagate'd by 
se'rial ine)culatie)n e)nto the e*he)ne)-allante)is e)f fertile e*ggs e)r by ine)e*ulation into 
the ye)lk e)f such e'ggs. 

CuUiirc technic. The te'e*hnic e)f eailture e)n the che)rio-allante)is is e'sse*ntially 
that e)f (le)odpasture, We)e)elrulf and Budelingh (1932) as modifie*el by Buriu't 
(193()). IIe)W'e'ver se)me' ne*vv instrume'iits have* been de'viseel anel se)me* te^chnical 
meKlifie‘atie)ns introduceel (Dunham 1941, 1942.) An adenpiate' supply e)f 
feitile* eggs is obtained at regular intervals from chierkeric's whie*h ele'al in eggs 
for hatching. ITpon arrival at the laboratory eae^h e'gg is numbered, ree*orde'd 
uneler the proper elate* and then j)laced in the e'gg incubator at a temperature 
of 100 te) 101 degree's Fahre'iiheit (37.7 te) 38.3 elegre'e\s (\). Afte'i* ele've'le)pment. 
fe)r 10 te) 13 days, w ith elaily turning, each e^gg is eranelled and the unsatisfacte)ry 
sterile* e^ggs or the)se' with fe'e'ble e>r otherwise* abne>rmal eimbrye)s are discarded. 
The side of the she'll neare^st the cemtained embryo is marked and this spot is 
held uppermost eluring the pre)cedure e)f inoculation. 

The uppermost surface of the shell is disinfected with 95 i)er cent ale'ohol and, 
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with asoptic precautions, is cut with a dental carborundum disc so as to separate 
a trian^ijular segment- of th(' shell measuring about 12 millimeters on each sid(\ 
One is car(4ul to avoid injuring the delicate underlying shell membrane. This 
op(‘rat ion is best done in or near an open funnel through which the dust is drawn 
away by adecpuite suction. The blunt end of th(i (‘gg is tlnui disinfect('d with 
alcohol and a minute opening is made with a small d(mtal drill through th(' shell 
at this end so as to (int(ir the normal air sac. TIk* egg is them placed in our (*gg 
inoculator (fig. 1) so that the opening into the air space is covered by the suc- 
tion dis(! which is connc'cted to a continuous suction giving a negative pressure 
of about 50 millim(‘ters of water. Th(‘ suction liiu' is provided with a safety 
bv-])ass t,o (‘nsur(‘ that th(‘ negative' pressure shall not- become' e'xce'ssive'. While' 
the' air sj)ae*e' anel, through it, the intcrien* of the e*gg is subjecteHl te) this slight 
negative piussure*, the le)e)se‘ne'el triangula]- ])ie'e*e' e)f she'll is lifte'd off with sterile 
fe)re‘e'f)s anel i)laceel in a pe'tri dish. The'ii by means e)f e)ur she'lbmembrane 



Fkj. 1. Dxtnhmvi E(Ki 1 no(’ttlatou 


te'aser (tig. 2) a slit is i)roeluce'd by ge'iitly se'j)arating the* eliageaial fibe*rs e)f the 
shell me-mbrane'; at eithe'r e'liel of (he slit a short incision at right angle* to it is 
cut with sterile' se*isse)rs anel the me'inbrane' is texrn by ge'iitle trae*(ie)n se) as te) 
re'me)ve' an ap|)re)ximately re'ctaiigular i)ortie)n. At the initial ])erfoiatie)n e)f 
the shell me'inbrane air passe's threiugh anel the' imme'eliate'ly unele'rlying vase*ular 
e*he)rie)-allante)is falls away so that the risk e)f te'e‘hnie*al injury te) this ele'licate 
anel impe)rtant structure* is practie'ally eliminate'd. The ])re*vie)usly pre'jiare'el 
ine)e*ulum is now elre)ppe'el through the eipe'iiing e)nte) the e'heirio-allantois anel the* 
final dre)ple't te)ue*he'd e)ff‘ by gentle ceintact with this me'inbrane'. The' ine)culum 
is e*e)nve'nie'ntly hanelle'd in a tuberculin syringe with a 2 inch 20 gauge ne'eelle 
attaclu'el. After ineie'ulation e)f the e'gg the triangular fragme'iit e)f she'll is 
replae*e‘el anel se'ale*el wdth liejuiel aellu'sive.- The* heile* at the blunt enel is likewise 
se'ale*el anel the* e^gg is returiu'el to the incubate)!*. 

The' subse*e|ue'nt perieiel e)f incubation may be* tw*e) or meire' days as ele'sire'el. 
Ordinarily the ine)culatie)n e)f ste)e*k or eontre)! vaccine' re'sults in the feirmatiein e)f 

2 The li(iuid adhesive is ohtairuible from Johnson and Johnson Company, New Brun- 
swick, N. J. 
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small opaque lesions on tlu? chorio-allantois, which are about 0.5 millimeter in 
diameter at the end of two days and, after three days, 1 to 1.5 millimeters in 
diameter with visible necrotic centers. They tcRid to l)ecome confluent as they 
get older. For propagation of the stock vaccinia a period of three days seems 
best. For experimental tests of viability after i)ossil)le inactivation somewhat 
longer incubation may be prefern'd. At the end of this i)eriod of incubation 
the membrane is harvestc^d. 

To harvest the membrane, one first cuts the shell with thc^ carborundum disc, 
entirely around, just above' the level of the chorio-allantoic membrane, and 
removes the upper portion of the shell so as to (‘xpose* the' inoculated area. By 
use of fine sterile scissors and for(‘('j)s this portion of the chorio-allantois is 
removed and place'd in sterile saline solution in a pe'tri dish, wlu're* it is s])read 




Fi(i. 2. Shell-mem BKANE Teaser, Made by Bkndincj the Tips of STKAKiHT Forceps 

out flat for study with a hand lens. Discrc'te' h'sions aie counted and the 
approximate numlier of h'sions in confhu'iit areas (‘stimat-i'd. The iiK'inliranes 
ar(‘ described for th(' record and sometimes an' jihotographc'd in th(' salt solution 
or ai(' dehytlrated and ('mbedded in plastic, for permaiK'iit presc'rvation. A 
diagrammatic drawing of the membrane is also made in th(^ protocol as an aid 
to identification, thus iK'rmitting one dish to serve for holding several siiecimcns. 
Sometimes the chorio-allantois is found thin and partly disintegrated by autoly- 
sis. Such eggs have evidc'iitly died shortly after imxailation, possibly because' 
of operative trauma or some undc'termined cause. Tlu'y an' discarded. 

The virus suspension. For the preparation of a virus suspension to b(' used in 
testing antise})ti(*s, several egg me'inbranes with abundant vaendnia lesions an' 
placed in a mortal’ and ground with sand. Tyrode solution, 2 milliliters for 
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each membrane used, is added to suspend the material and this suspension is 
then sedimented in the centrifuge at about 1,000 revolutions per minute for ten 
minutes. The supernatant, translucent but cloudy, light brown suspension is 
siphoned off and is used as the stock virus suspension. A freshly prepared 
suspension has been used for each experiment in the testing of the antiseptics. 

Antiseptic agents. Several different chemical preparations were tested simul- 
taneously against the same virus suspension and several eggs, usually six, were 
used to test the resulting possible inactivation of the virus by each antiseptic 
solution. The antiseptics were employed in their original state as supplied in 
the drug trade or were prepared in the laboratory from chemicals of high purity. 

Technic of the tests. The antiseptic solution to be tested, 9 ml., was vigorously 
mixed with 1 ml. of the virus suspension and then, before sedimentation, a 
sample of this mixture was withdrawn into a tuberculin syringe fitted with a 
two-inch, gauge 20 needle. This syringe was inserted into a test tube which 
was immersed in ice water. The moment of mixing the virus with the anti- 
septic was recorded and the time of subsequent inoculation of this mixture into 
each egg was noted. The eggs were inoculated in rotation. Thus, in making 
a test of five antiseptic solutions and one control suspension the first egg received 
solution No. 1, the second solution No. 2 and so on, until each of the six had 
been inoculated into an egg. Then the seventh egg would be inoculated with 
solution No. 1. this schedule solution No. 1 would be introduced into the 
first, seventh, thirteenth, nineteenth, twenty-fifth and thirty-first egg of the 
series. Thus, the time interval from the moment of mixing the antiseptic with 
the virus would be different for each egg but each of the solutions tested would 
be represented by an egg in each group of six eggs in the consecutive series. 

The tests and their results. The most immediate practical question involved 
in these studies has concerned the possible virus-inactivating effect of Liquor 
antisepticus, (National Formulary, 1935) a solution which is extensively used 
in hospitals as a mouth wash and throat gargle. It is only fair to state that our 
experiments were undertaken with the expectation that the virus of vaccinia 
would not be perceptibly influenced by contact with this preparation. Hence 
a preliminary experiment was performed to demonstrate this assumed lack of 
inactivating power. A virus suspension was prepared from an egg membrane 
rich in lesions of vaccinia strain of the Health Department. Three solutions 
were tested (1) Tyrode solution as a control (2) Ethyl alcohol 25 per cent and 
(3) Liquor antisepticus. The eggs had been incubated eleven days; then 
inspected by candling and marked in the usual way. The mixture of Tyrode 
9 ml. plus virus suspension 1 ml. after standing 21 minutes was inoculated to 
the chorio-allantois of egg 7627. In the same way egg 7608 was inoculated 
with the mixture of Alcohol 9 ml. plus virus suspension 1 ml. after this mixture 
had stood 26 minutes and egg 7620 was inoculated with the mixture of Liquor 
antisepticus, 9 ml. plus virus suspension 1 ml., after this mixture had stood 
57 minutes. Additional eggs were inoculated at somewhat longer intervals as 
shown in table 1. The result, somewhat contrary to expectations, indicated a 
moderate degree of inactivation of vaccinia virus by the alcohol and complete 
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inactivation by the Liquor antisepticus in the exposure periods of 57 and 65 
minutes. 

Several repetitions of this experiment, exposing the virus for shorter time 
intervals, have consistently shown a greater degree of inactivation by the 
Liquor antisepticus as compared with the alcohol, although complete inactiva- 
tion was not always attained. The protocol of one large experiment may serve 
as an example (table 2). In this experiment an attempt was made to test some 
of the individual constituents of Liquor antisepticus in concentrations of approxi- 
mately the strength in the official solution. The Boric acid was dissolved in 
water. A mixture of Alcohol, 1 part, and Tyrode solution, 3 parts was employed 
to dissolve the Menthol, Thymol, Eucalyptol and Methyl salicylate. Along 
with these, Tyrode solution. Distilled water. Alcohol, 25 per cent in Tyrode 
solution, Alcohol 25 per cent in Distilled water and Liquor antisepticus were 
tested against the same virus suspension. The experiment required the inocu- 
lation of sixty eggs. 


TABLE 1 

Inoculations of vaccinia onto chorio-allantois. Preliminary test 


Tyrode solution, 9 parts, plus Virus 

Minutes after mixing 

21 

34 

49 

suspension, 1 part 

Lesions produced 

400-f 

400-f 

400-f 

Alcohol 25 per cent, 9 parts, plus 

Minutes after mixing 

26 

52 

67 

Virus suspension, 1 part 

Lesions produced 

100-h 

25 

60 

Liquor antisepticus, 9 parts, plus 
Virus suspension, 1 part 

Minutes after mixing 
Lesions produced 

57 

None 

65 

None 



To prepare the virus suspension, the membranes of three eggs with abundant 
vaccinia lesions, representing the virus of the Health Department, were used. 
Each final mixture was found free from ordinary bacteria by culture control. 
The inoculation dose for each egg was 0.025 ml. dropped onto the chorio-allantoic 
membrane. Results are shown in table 2. 

In this experiment a long time was required for the technical procedure of 
inoculating the eggs. However, it is evident that the virus retained its potency 
in the Tyrode solution (391 minutes), in the Distilled water (392 minutes), in 
the Alcohol 25 per cent in Tyrode (390 minutes) and in the Alcohol 25 per cent 
in Distilled water (387 minutes). On the other hand, the virus was evidently 
inactivated by the Liquor antisepticus and apparently by the longer exposures 
to Boric acid. The Menthol, Thymol and Eucalyptol also seemed to have 
some inactivating effect, but the results were so irregular as to appear uncertain. 
For the Liquor antisepticus and the Boric acid it seemed that inactivation 
might be accomplished within a period shorter than any used in this experiment. 
Hence further tests were done at briefer exposure intervals for these two. 

Six eggs were opened, ready for inoculation for each of these two antiseptic 
mixtures (Boric acid and Liquor antisepticus) and covered with sterile paper. 
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The virus suspension was then quickly mixed with the antiseptic. These eggs 
were inoculated after elapsed time of 1, 3, 5, 8, 10 and 12 minutes for the Boric 


TABLE 2 

Vaccinia in antiseptic mixtures inoculated onto chorio-'dllantois 
of fertile eggs^ previously incubated 11 to IS days 


Tyrode solution, 9 parts, plus Virus sus> 

Minutes after mixing 

65 

106 

156 

258 

348 

391 

pension, 1 part 

Lesions observed 

16 

Hem* 

140+ 

97 

130+ 

72 

Distilled water, 9 parts, plus Virus sus- 

Minutes after mixing 

63 

101 

157 

253 

343 

386 

pension, 1 part 

Lesions observed 

20 

100± 

Dead 

lOOdb 

120± 

130=k 

Alcohol 25 per cent in Tyrode, 9 parts. 

Minutes after mixing 

64 

105 

158 

258 

347 

390 

plus Virus suspension, 1 part 

Lesions observed 

Dead 

0 

90 

53 

140=b 

120=t 

Alcohol 25 per cent in Water, 9 parts. 

Minutes after mixing 

63 

104 

159 

254 

346 

387 

plus Virus suspension, 1 part 

Lesions observed 

i0± 

24 

83 

153d= 

Dead 

130 

Liquor antisepticus, 9 parts, plus Virus 

Minutes after mixing 

66 

109 

152 

261 

347 

393 

suspension, 1 part 

Lesions observed 

0 (?) 

0 

Dead 

0 

0 

0 

Boric acid in water, 9 parts, plus Virus 

Minutes after mixing 

62 

113 

151 

266 

304 

394 

suspension, 1 part 

Lesions observed 

3 (?) 

Dead 

Dead 

Dead 

0 

0 

Menthol in Alcohol-Tsrrode, 9 parts, 

Minutes after mixing 

66 

110 

151 

263 

347 

394 

plus Virus suspension, 1 part 

Lesions observed 

0 (?) 

0 

Dead 

150+ 

45 

0 

Thymol in Alcohol-Tyrode, 9 parts, 

Minutes after mixing 

66 

111 

149 

265 

303 

396 

plus Virus suspension, 1 part 

Lesions observed 

20 

0 

0 

110± 

Dead 

15 

Eucalyptol in Alcohol-Tyrode, 9 parts, 

Minutes after mixing 

67 

111 

152 

265 

302 

395 

plus Virus suspension, 1 part 

Lesions observed 

15 

117 

Hem* 

41 

130 

15 

Methyl salicylate in Alcohol-Tyrode, 9 

Minutes after mixing 

66 

111 

152 

264 

349 

395 

parts, plus Virus suspension, 1 part 

Lesions observed 

1 

10 

Dead 

Dead 

150± 

lOOdb 


* Hemorrhage making it impossible to recognize lesions. 


TABLE 3 


Vaccinia in antiseptics inoculated to chorio-allantois after shorter intervals 


Boric acid in Alcohol-Tyrode, 9 parts. 

Minutes after mixing 

1 

3 

5 

8 

10 

12 

plus Virus suspension, 1 part 

Lesions observed 

250± 

15 

33 

lOOzb 

0 

23 

Liquor antisepticus, 9 parts, plus Virus 

Minutes after mixing 

2 

3i 

4 

5 

6 

7 

suspension, 1 part 

Lesions observed 

0 

Dead 

0 

0 

0 

0 

Alcohol, 25 per cent in Water, 9 parts. 

Minutes after mixing 

120 

130 

137 

167 

175 

183 

plus Virus suspension, 1 part 

Lesions observed 

250± 

250d; 

100± 

7 

24 

15 

Tyrode solution, 9 parts, plus Virus sus- 

Minutes after mixing 

124 

134 

141 

171 

18 

189 

pension, 1 part 

Lesions observed 

300=b 

185ii= 

50db 

78 

46 

175± 

Eucalyptol in Alcohol-Tyrode, 9 parts. 

Minutes after mixing 

130 

138 

146 

176 

185 

192 

plus Virus suspension, 1 part 

Lesions observed 

154 

246 

270± 

76 

0 

60 

Thymol in Alcohol-Tyrode, 9 parts, plus 

Minutes after mixing 

133 

143 

152 

179 

188 

197 

Virus suspension, 1 part 

Lesions observed 

16 

0 

0 

0 

Dead 

4 (?) 


acid and after 2, 3^, 4, 6, 6 and 7 minutes for the Liquor antisepticus. Longer 
periods of exposure were allowed for the other antiseptics and for the control 
solutions. The time intervals and the results are shown in table 3. In this 
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experiment there was again a striking indication of rapid inactivation of the 
virus after it was mixed with the Liquor antisepticus. 

The apparent inactivation of the virus by Liquor antisepticus was subjected 
to a further check. The chorio-allantoic membrane of an egg which had been 
inoculated with this mixture after an exposure period of 5 minutes, was pre- 
served in Tyrode solution in the refrigerator for 48 hours, then ground with 
sand, suspended in 3 ml. Tyrode solution and inoculated onto the chorio-allantoic 
membranes of three more eggs. Two of these were opened after 48 hours and 
the third after four days. All three were alive and free from recognizable lesions 
of vaccinia. 


TABLE 4 

Inoculation of vaccinia virus CAEB onto chorio-allantois after exposure to diluted Liquor 
antisepticus, N.F. VII ar^d to Distilled water 


UDCIUKE AND EXPOSURE 

NUlfBER OF LESIONS 

Liquor antisepticus, N.F. VII, 90 per cent, 9 parts, plus Virus suspension, 1 

0 

part; after standing 30 seconds this was further diluted with Distilled 

0 

water, 90 parts; then inoculated to four eggs 

0 

0 

Liquor antisepticus, N. F. VII, 80 per cent, 9 parts, plus Virus suspension, 1 

0 

part; after standing 30 seconds this was further diluted with Distilled 

0 

water, 90 parts; then inoculated to four eggs 

0 

0 

Liquor antisepticus, N.F. VII, 10 per cent, 9 parts, plus Virus suspension, 1 

68 

part; after standing 20 minutes this was further diluted with Distilled 

146 

water, 90 parts; then inoculated to four eggs 

58 


67 

Distilled water, 9 parts, plus Virus suspension, 1 part; this was further 

109 

diluted with Distilled water, 90 parts ; then inoculated to four eggs 

124 


93 


69 


Repeated experiments of this type have shown some variations, particularly 
when much more dilute virus was used. In such a case the inactivation by 
Boric acid became evident after an exposure of 9 minutes and the Liquor anti- 
septicus caused complete inactivation at 2 minutes while the virus remained 
active for two hours or more in the other solutions. 

In the experiments so far, the briefest period of exposure of the virus to the 
antiseptic before inoculation into the egg was one minute. In order to test the 
possible effect of an even more brief exposure and at the same time to test the 
effect of dilution, a modification of the technic was introduced. Liquor anti- 
septicus was prepared in the laboratory according to the officially revised 
formula (National Formulary, Interim Revision, 1939) effective July 1, 1940, 
a preparation to be designated as Liquor antisepticus, N.F. VII. Preliminary 
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tests showed that when this solution was diluted with nine parts of water it 
had no appreciable inactivating effect upon vaccinia virus. Hence it was pos- 
sible to utilize this fact and to .stop the action of the antiseptic on the virus at 
the end of any predetermined period of exposure, merely by diluting the test 
mixture. Subsequent inoculation onto the egg membranes was then carried 
out without undue haste. The residts of a typical experiment of this kind, in 
which vaccinia virus ('AEB was used, arc shown in table 4. It is evident that 
90 per cent and 80 per cent dilutions (actually reduced to 81 per cent and 



Fkj. 3. E(j(i Membranes Free from Lesions of Vaicinia, Taken from Ta\o of the Koos 
JjIstei) in Table A . ]hquor Antisepticus, 80 Per cent. Mounted in 1’l\sti(\ 


72 p(‘r r(‘sj)e(*tiv^('ly, by iiddition of the Virus sus]K‘nsioii) of Idijiior anti- 

si'ptieus, N.F. \Tr, iiiiietivatod the vaccinia virus in thirty seconds, at which 
tiin(» further action was halted by tenfold further dilution of these mixtures. 
The lack of jiob'iicy after dilution is indicated by the behavior of tlu' mixture 
in which 10 ])er cc'iit Li(|uor antisepticus was ti^sted aj^ainst the virus for a 
p(‘riod of 20 minutes, a much longer time than had b(‘(‘n r('C|uired to inoculate 
t he eggs with the preceding test mixtures. Here the numbers of Lesions devidop- 
ing on the inoculati'd (^gg mi'inbranes were of the same order as observed in the 
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control preparation using Distilled water. Photographs of membranes from 
this experiment, preserved in plastic, are shown in figures 3, 4 and 5. 

Discussion. The criterion for inactivation of vaccinia virus employed has 
deptmded upon the production of vaccinia lesions upon the chorio-allantoic 
membrane of the chick embryos inoculated. Not too much should be claimed 
for the precision of the method. It may be assumed that the tissues of the chick 
hav(‘ some resistance to the virus. Hence one is justified in concluding that 
inactivation of the virus for the chick embryo may not signify complete destruc- 



Fkj. 4. Eofj Membranes with Numerous Lesions of Vaccinia, Taken from Two Ec.c.s 
Listed in Table 4. Liquor Antisepticus, 10 Per cent. Mounted in Plastkl 

tion of the virus. There is no reason to believe that the tissues of the chick 
embryo are more resistant in this respect than the tissues of other animals 
and it would seem fair to assume that the results have comparative value. 

The experimental results wen* not entirely uniform. Irregularities in such 
work an*, howev(*r, to he expected. We believe that they are in part due to the 
character of the virus preparation. This is a suspension of (imbryonic tissue 
eh^ments containing the virus and not a suspension of separated virus particles. 
Hence it lacks uniformity of composition. To be sure, the gross bits of tissue 
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are thrown down by the centrifuge but it is by no means certain that small 
groups of tissue cells may not remain in the final suspension and thus offer a 
relative protection to virus particles in their interior. More exact and more 
regular n^sults might b(' obtained by employing specially purified suspensions 
of the virus particles as used by Wilson Smith (1939) but such results would be 
of a less practical value because the natural dissemination of the virus tak(\s 
place in association with tissue elements. For practical significance, therefore, 
the virus suspension as prepared would api)ear to possess some advantages ovvv 



Ficj. 5 Ecr; Membranes with Numerous Lesions of Vaccinia, Taken from Tv\o Ecrjs 
Listed in Table 4. Distilled Water Control Mounted in Plastic. 


a mor(‘ uniform suspension of jiurified virus. Technical in(‘(iualiti(\s also intro- 
duce variations, especially the irregular distribution of the inoculum over the 
chorio-allantois, which has not been fully e(|ualized. 

The i-esults show that vaccinia virus remains active foi* scn^eral hours at least 
when suspended in Tyrodi' solution. Distilled watiu*, Alcohol 25 per C(»nt in 
Tyrode solution, and in Alcohol 25 per cent in Water. On th(‘ othei- hand the 
virus is inactivated, as far as concerns its ability to produce lesions on the 
chorio-allantois of chick embryos, by Liipior antisepticus in less than a minute. 
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Some individual constituents of Liquor antisepticus, when employed separately, 
exhibit some tendency to inactivate the virus after longer periods of time. 
This seemed to l)e true particularly of the Boric acid, Thymol, Eucalyptol and 
M (Tit hoi. The action of each of these' was howevc'r much k^ss potent than the 
action of the Li(iuor antisc'pticus itself. 

SUMMARY 

1. The ability of Liquor antisepticus and of some of its constituents to inac- 
tivate vaccinia virus has bc'cn tested by inoculation onto the (dioi-io-allantoic 
m(‘mbran('S of developing chick embryos. 

2. When testc'd in this way it was found that th(‘ virus retains its activity 
very w(41 whem suspended in Tyrode solution, in Distilled watc'i* or in Alcohol 
25 per c(Tit-. On th(^ otla'i* hand it is quickly inactivated by Liquor antisejiticus 
and app(Tirs to d('teriorat(‘ l(\ss rapidly in solutions of Boric acid. Menthol, 
Thymol and Eucalyptol. 
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In an attempt to work out a scheme for the rapid identification of the gas 
gangrene organisms (Reed and Orr, 1941), many of the published reports of 
nitrate reduction and indole formation by this group of organisms were found to 
be contradictory. The nature of the contradictions suggested that this was 
largely the result of faulty interpretation of results so clearly described for the 
nitrate reduction of bacteria in general by Conn (1936). 


NITRATE REDUCTION 

Woods (1938) found that washed suspensions of Clostridium welchii catalyzed 
the reduction of NOa, NO2 and NH2OH to NH3 by molecular hydrogen. More- 
over, during the reduction of NOa to NHa he demonstrated the appearance and 
disappearance of NO2. This made it probable that tests for NO2 alone in grow- 
ing cultures of this and related species would give little indication of the nitrate- 
reducing action of the organisms. A somewhat more detailed examination has 
therefore been made. 

Cultures were tested for nitrite production in the following medium, Reed and 
Orr (1941): 


Bacto tryptone 
Na2HP04. . . 

Glucose 

Agar 

KNO3 

Water 


20 grams 
2 grams 
1 gram 
1 gram 
1 gram 
1000 cc. 


This was adjusted to pH 7.6 and autoclaved in deep tubes. In other experi- 
ments the medium without KNO3 was tubed and autoclaved and filtered aqueous 
solutions of KNO3 or KNO2 added subsequently. 

Qualitative tests for nitrites were made in the usual manner with Tittsler’s 
(1930) sulphanilic acid, dimethyl-a-naphthylamine reagent. Where the qualita- 
tive nitrite reaction was negative, tests were made for nitrate by adding zinc dust, 
as suggested by Zo Bell (1932), to reduce remaining nitrate to nitrite. A quanti- 
tative nitrite reaction was devised by modifying the qualitative reaction. Aque- 
ous solutions of KNO 2 were made up to contain 0.005 to 0.15 mg. per cent. To 
5 ml. amounts, 1 ml. of Tittsler’s mixed sulphanilic acid and dimethyl-a-naph- 
thylamine reagent was added. After 15 minutes, readings were then made on a 
photoelectric colorimeter (Cenco photelometer with a No. 2 filter). The results 
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were plotted on semi-log paper against the corresponding concentration of nitrite 
to form a basis for comparison with cultures. Cultures to be tested were centri- 
fuged until clear and the supernatant diluted in water, usually 1-10, which largely 
obliterated the pale colour of the peptone solution. The test reagent was then 
added, readings made as in the case of the controls, concentrations read from the 
graph and multiplied by the dilution of the culture. 

Twenty-one species belonging to the gas gangrene group of the genus Clostrid- 
ium were grown in this medium and tested qualitatively for nitrites. Only five 

TABLE 1 


Qualitative determinations of nitrites and nitrates on cultures of twenty-one species of the genus 
Clostridium in a medium containing 100 mg. per cent KNOt 



SPECIES 

NO. OP 

TESTS FOR NOa 

TESTS FOR NOl 

STRAINS 

1 day 

2 days 

5 days 

1 day 

2 days 

5 days 

Group I — NOa re- 

C. welchii 

8 

+ 

+ 

+ 

] 



duced rapidly, 

C. fallax 

1 

+ 



1 Obscured 


NO 2 present 

C. tertium 

4 

+ 



[ by + NO, 



C. septicum 

5 

+ 

+ 

-f 

1 test 



C. aerofoetidum 

2 

4- 



j 



Group II — NOa 

C. sordelli 

4 

— 


- 

Tr. 

— 


reduced rapidly, 

C. bifermentans 

2 

— 

— 

— 

— 

— 

— 

NO 2 absent 

C. novyi 

7 

— 

— 


Tr. 

— 

— 


C. difficile 

1 

— 

- 

— 

Tr. 

Tr. 

— 


C. paraputrificum 

2 

— 

- 


Tr. 

— 

— 


C. hutyricum 

4 

— 

— 

— 

Tr. 

Tr. 

— 


C. sporogenes 

4 

— 

— 

— 

Tr. 

— 

— 


C. tetanomorphum 

2 

— 

— 

- 

Tr. 

- 

- 


C. tetani 

3 


— 

— 

Tr. 

— 

— 


C. capitovalis 

2 

— 

— 

— 

Tr. 

— 

— 

Group III — NOa 

C, carnis 

1 

— 

— 

— 

+ 

+ 

4- 

reduced slowly 

C. histolyticum 

4 

-- 

- 

- 

+ 

■ + 

4- 

or not reduced, 

C. tyrosinogenes 

2 

- 

- 

- 

+ 

+ 

4- 

NO 2 absent 

C. sphenoides 

2 

- 

- 

- 

4- 

+ 

+ 


C. cochlearium 

5 

— 

— 

— 

4- 

4- 

4- 


C. multifermentans 

2 

— 

— 


+ 

+ 

4- 


of the twenty-one species, C. welchiiy C. fallaXy C. tertium, C. septicum and C. 
aerofoetidum, as indicated in table 1, gave positive nitrite reactions. This is in 
agreement with most of the recorded findings, (Spray, 1936; Reed and Orr, 
1941). But, as also indicated in table 1, ten of the twenty-one species, so break 
down the nitrate added to the medium that none is evident by the zinc-dust 
nitrite test. Cultures of the remaining six species (table 1), give positive tests 
for nitrate but show no accumulation of nitrites. 

When quantitative tests for nitrite were made on cultures of the five species 
which gave positive nitrite tests (table 2) only small concentrations were found. 
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In the medium originally containing 100 mg. per cent of nitrate after 5 day’s 
growth of C.welchii or C, /aZZox, less than 1 mg. per cent of nitrite was present and 
in cultures of C. septicum and C. aerofoetidium only about 10 mg. per cent of 
nitrite was present. This suggests that the NO 2 is itself being rapidly trans- 
formed and that the difference between this group (group I, table 1) in which 
NO 2 accumulated in measurable amounts and the next group (group II, table 1) 
in which no NOo could be detected is purely quantitative. 

Quantitative nitrite tests of cultures of the twenty-one species after 1 to 5 
days' growth in the peptone medium to which 10 mg. per cent of NaN 02 was 
added, gave further evidence of the nature of the reaction (table 3). The 
almost complete disappearance of this amount of nitrite, probably by reduction 
to ammonia, from cultures of the five species which give positive qualitative 
nitrite tests when grown in a nitrate medium (group I, table 3) must indicate 
that ordinarily the reduction of nitrate to nitrite by these species is more rapid 
than the further reduction of nitrite. How^ever, since the amount of nitrite 

TABLE 2 


Quantitative NO 2 in mg. per cent. Cultures in peptone medium containing 100 mg. per cent of 
KNOi. Determinations were made at ly 2 and 5 days after inoculation 


SPECIES 

MG. PEE CENT OF NITEITE 

1 day 

2 days 

5 days 

C. welchii 

0.20 

0.51 

0.58 

C. fallax — 

1.20 

0.63 

0.66 

C. tertium 

3.10 

3.20 

4.10 

C. septicum 

10.80 

11.70 

12.35 

C. aerofoetidum 

9.85 

10.10 

12.80 

Sterile medium 

0 

0 

0 


which accumulates is very small (table 2) it is quite likely that under different 
circumstances the rate of the two reactions may be equalized, in which case the 
qualitative tests for nitrite will become negative. This probably accounts for 
the considerable confusion which occurs in the literature. 

Cultures of the ten species in group II, table 3 in media initially containing 
nitrate give negative qualitative reactions for both nitrates and nitrites. When 
grown in the peptone solution to which 10 mg. per cent of NaN 02 is added the 
species of group II, like those of group I, show rapid breakdown of the nitrite. 
It therefore follows that when these species are grown in nitrate medium the 
rate of reduction of NO3 to NO2 must be equal to, or less than, the rate of reduc- 
tion of NO 2 . Here too is a likely source of error. It may be anticipated that 
under other circumstances the rates of the tw^o reactions, relative ,to each other, 
may alter, in which case positive NO2 reactions might be observed. 

The species which make up the last group (group III, table 3) produce slow 
or negligible reduction of nitrite. Since in a nitrate-containing medium these 
species give negative qualitative reactions for NO 2 (table 1) and strongly positive 
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nitrate tests, it must be concluded that the reduction of NOs is also slow or does 
not occur. 


INDOLE FORMATION 

Hertzfeld and Klinger (1915) demonstrated a quantitative transformation of 
tryptophane to indole in cultures of Escherichia coli, due presumably to the 
enz 3 une tryptophanase recently described by Happold and Hoyle (1935). On 

TABLE 3 


Quantitative NOt in mg. per cent. Cultures in peptone medium containing 10 mg. per cent 
NaN02. Determinations made at 1^2y and 5 day intervals after inoculation 



SPECIES 

UG. 

1 day 

PER CENT OF NITI 

2 days 

IITE 

5 days 

Group I — reduce NOs 

C. welchii 

Tr. 

0 

0 

more rapidly than NOs 

C. fallax 

0 

0 

0 


C. tertium 

1.07 

0.55 

0.80 


C. septicum 

0 

0 

0 


C. aerofoetidum 

0 

0 

0 

Group II — reduce NOs 

C. sordelli 

0 

0 

0 

more rapidly than NOs 

C. biferrnentans 

0 

0 

0 


C. sporogenes 

1.15 

0.56 

0 


C. novyi 

0.42 

0.23 

0 


C. ietani 

1.43 

0 

0 


C. tetanomorphum 

0.05 

0 

0 


C. difficile 

0 

0 

0 


C. paraputrificum 

0 

0 

0 


C. butyricum 

1.15 

0 

0 

! 

1 

C. capitovalis 

5.30 

1.50 

0.05 

Group III — reduce NOs 

C. carnis 

6.90 

4.30 

3.80 

and NOs slowly or not 

C. hisiolyticum 

7.05 

7.20 

4.60 

at all 

C. tyrosinogenes 

8.25 

5.90 

6.30 


C. sphenoides 

8.70 

7.50 

7.00 


C. cochlearium 

8.80 

7.10 

7.55 


C. multi fermentans 

9.45 

8.10 

7.70 


Sterile medium 

9.40 

8.30 

7.80 


the other hand, Happold and Hoyle (1936) have shown that E. coliy growing in 
a synthetic medium, slowly decomposes indole. It has also been shown by 
Sasaki (1923) that B. subtilisy and by Supniewski (1924) that Pseudomonas aeru- 
ginosa oxidizes indole to anthranilic acid, and by Gray (1928) that Pseudomonas 
indoloxidans will oxidize indole to indigotin. While it is unlikely that the anae- 
robic bacteria will oxidize indole, these observations do suggest a possible break- 
down of indole as it is formed. 

Indole determinations have been made on cultures of species of the genus 



KEACTIONS OF GAS GANGRENE ANAEROBES 


429 


Clostridium after one to ten days’ growth in the following medium, Reed and 
Orr (1941): 


grama 

Bacto tryptone 20 

Na2HP04 5 

Glucose 1 

Agar 1 

Sodium thioglycollate 1 

Water 1000 ml. 


The medium was adjusted to pH 7.6 and autoclaved in deep tubes. For some 
experiments this was modified by the addition of an aqueous solution of indole, 

TABLE 4 

Indole reactions of 17 species of Clostridia when grown for 1 to 10 days in a tryptophane 
medium without added indole and with 2 mg. and 10 mg. per cent of indole 



SPECIES 

M 

s 

MEDIUM CONTAIN- 
ING NO ADDED 
INDOLE 

MEDIUM CONTAIN- 
ING 2 MG. PER 
CENT INDOLE 

MEDIUM CONTAINING 10 MG. 
PER CENT INDOLE 


(A 

o 

d 

2 

Xep 1 

2 days 

5 days 

10 days 

1 day 

2 days 

5 days 

tfi 

o 

1 day 

2 days 

5 days 

1 

o 

Group I — indole 

C scrrdelU 

3 

+ 

+ 

+ 


++I 

++ 

++ 

+++ 

+++ 

+++ 

+++ 

++++ 

accumulatea 

C. bi/ermentana 

2 

1 + 

+ 


± 

++ 


+ 

+ 

+++ 

+++ 

++ 

+ 


C. capitovalis 

2 

+ 

+ 

+ 

++ 

++ 

++ 


+++ 

+++ 

+++ 


+++4- 


C. sphenotdes 

2 

+ 

+ 

+ 

+ 


++ 

++ 

++ 

+++ 

+++ 

+++ 

++H- 

Group II — ^in- 

C ufelch It 

3 

0 

0 

0 

0 

+ 

0 

0 

0 

+++ 

+-f 

+ 

+ 

dole used as 

C sporogenes 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

rapidly os 

C novyi 

2 

0 

0 

0 

0 

0 

0 

0 

0 


+ 

+ 

0 

formed 

C teiam 

2 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 


C. carnts 

1 

0 

0 

0 

0 

+ 

0 

0 

0 


++ 

0 

0 


C, fallax 

1 

0 

0 

0 

0 

+ 

0 

0 

0 

++ 

++ 

+ 

0 


C. sepheum 

2 

0 

0 

0 

0 

0 

0 

0 

0 

++ 

++ 

+ 

-f 


C. multt/ermerUana 

2 

0 

0 

0 

0 

+ 

0 

0 

0 

++ 

++ 

+ 

+ 


C. hutolyticum 

2 

0 

0 

u 

0 

0 

0 

0 

0 

++ 

++ 

+ 

+ 


C telanomorphum 

2 

0 

0 

0 

0 

+ 

0 

0 

0 

++ 

++ 

+ 

0 


C. difficile 

1 

0 

0 

0 

0 

+ 

0 

0 

1 0 

+ 

0 


0 


C aerofoetiduvi 

2 

0 

0 

0 

0 

+ 

0 

0 

0 

++ 

++ 

+ 

0 


C. paraputrificum 

2 

0 

0 

0 

0 

+ 

0 

0 

0 


++ 

+ 

0 


Sterile medium 


0 

0 

0 

0 

++ 

++ 

++ 

++ 

+++ 


+++ 

++ 


sterilized by filtration, to provide 2 mg. per cent or 10 mg. per cent of added 
indole. 

Qualitative tests for indole were made on cultures after 1, 2, 5 and 10 days^ 
incubation with Fellers and Clough’s (1925) modification of Ehrlich’s reagent. 

A summary of the results of these tests on cultures of several strains of seven- 
teen species grown in the tryptophane medium without added indole, with 2 mg. 
per cent, and 10 mg. per cent of indole are shown in table 4. From the first 
column it is apparent that indole accumulates in measurable amounts in cultures 
in the tryptophane medium of only four of the seventeen species tested, C. 
sordellii, C. bifermentanSj C. capitovalis, and C. sphenoides. This is in agree- 
ment with previous reports (Spray, 1936; Reed and Orr, 1941). 
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The remaining thirteen species tested, it will be observed from the table, do 
not accumulate measurable amounts of indole in the tryptophane medium. 
But, it is also apparent from the table, that indole added to the medium in 
which these organisms are grown rapidly disappears. There is a great differ- 
ence, however, in the rate of disappearance. In the medium with 2 mg. per 
cent of added indole, five species bring about its disappearance in twenty-four 
hours and all thirteen species in two days. In the media with 10 mg. per cent 
of indole, C, sporogenes causes complete disappearance in twenty-four hours, but 
in cultures of four species, detectable amounts are still present after ten days’ 
incubation. 

It seems probable therefore that all thirty-three cultures belonging to the 
seventeen species tested produce indole from tryptophane, but that all except 
four species either utilize or break down indole as rapidly as formed. 

It is apparent from the qualitative reactions indicated in the table that a 
species like C, bifermentans breaks down or utilizes indole but that ordinarily the 
rate of indole formation from tryptophane is more rapid than the rate of disap- 
pearance. Under other conditions it is possible that the rates of the two reac- 
tions may be equalized. Conversely C. welchii brings about the disappearance 
of indole more slowly than most of the other species grouped with it, yet rapidly 
enough to prevent the accumulation of indole from tryptophane. A slight 
modification in the rate of either of these reactions would probably result in 
indole accumulation. 


CONCLUSIONS 

It is shown that the gas gangrene species of the genus Clostridium fall into 
three groups in respect to the reduction of nitrates and nitrites: (1) Five species 
which reduce both NO3 and NO2 but in which the rate of reduction of NO3 is 
ordinarily more rapid than the reduction of NO 2 ; as a result qualitative reactions 
for NO2 are generally positive. (2) Ten species which also reduce both NO3 and 
NO 2 but in which the rate of reduction of NO 2 is equal to or greater than the 
rate of NO3 reduction. As a result qualitative tests for NO2 are ordinarily nega- 
tive. (3) Six species which fail to reduce both NO3 and NO2 or reduce them at 
an equally slow rate, so that qualitative tests for NO 2 are regularly negative. 

It is also shown that these species fall into two groups in respect to indole 
formation: all species tested break down or utilize indole but (1) four species 
grown in a tryptophane medium give positive indole tests in which the rate of 
indole formation is greater than the rate of indole breakdown (2) thirteen species 
in which the rate of indole formation is equal to or less than the rate of indole 
breakdown. 
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Erwinia, a genus of bacterial plant pathogens, has long been recognized as 
closely related to the Escherichia- Aerohacter group. This view, although readily 
accepted, has been the object of little comparative study; the relationship is 
usually taken for granted, the result being a relatively poor understanding of 
the similarities of the two groups. On the basis of its disease-producing abil- 
ity in plants, Bergey et al. (1939) gives the group tribal ranking, Erwineae, in 
the family Enterobacteriaceae. Other than the obvious facts that the species 
of Erwinia are peritrichously flagellated, gram negative, do not form spores 
and ferment many carbohydrates, including lactose, our knowledge of the 
relationship is meager. The possibility that the Erwinia^ might be coliform 
organisms has been given comparatively little thought. 

Stuart et al, (1938, 1940) recognized the possibility of Erwinia cultures being 
confused with coliform organisms, or vice versa, and included some plant 
cultures in their studies. Stanley (1939) likewise declared the soft-rot group to 
belong to the colon-typhoid-dysentery group, and suggested that organisms 
identified as Erwinia might be Escherichia coli, the latter interpreted in a broad 
sense. According to Parr (1939), F. D. Chester stated that the genus Erwinia 
was established on a purely utilitarian basis and had no genetic standing. 

Dowson (1939), following the usual British practice, advocated the inclusion 
of the soft-rot pathogens in the genus Bacterium Lehmann and Neumann. 
By this procedure he recognized the apparent close relationship of the coliform 
and Erwinia groups, as the former are likewise placed in this genus. 

Unfortunately, the biochemical characteristics of the soft-rot organisms are 
as variable as those of coliform isolates (Stanley 1939, Elrod 1941). It has been 
shown, especially by Stanley, that fermentative shifts are common, tending to 
throw a culture from one species to another. These changes usually concern 
a change from an aerogenic to an anaerogenic state, although some variation 
has been noted in the methyl-red, Voges-Proskauer and citrate tests. Elrod 
(1941) found that the soft-rot group is as antigenically heterogeneous as the 
coliform group. 

In the light of our abundant knowledge of the coliform group, it was decided 
first to employ “coliform” methods in an attempt to arrive at a better under- 
standing of the Erwinia-Escherichia-Aerohacter relationship. The recent w^ork 
of Stuart, Mickle and Borman (1940) on aberrant coliforms offers a way of 

^ The term Erwinia in this paper is taken to mean the so-called soft-rot group. This 
group includes: Erwinia carotovora (Jones) Holland, Erwinia aroideae (Townsend) Holland, 
Erwinia solanisapra (Harrison) Holland and Erwinia phytophthora (Appel) Bergey et al. 
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grouping the soft-rot organisms with the Eschericheae. Accordingly, the 
following tests were performed: 1) lactose fermentation, 2) IMViC (indole, 
methyl-red, Voges-Proskauer, citrate) plus cellobiose fermentation, and 3) 
gelatin liquefaction. Our knowledge of the reactions of coliform cultures in 
these tests was abundant and there was no need to repeat this work. 

Moreover, the main criterion of the genus Erwinia, i.e., the ability to attack 
plant tissues, was applied to coliforms. This characteristic is usually associated 
with the ability of the organisms to breakdown pectin (Chester in Bergey 
et al., 1939). Why this idea is prevalent is difficult to fathom, unless it arises 
from a lack of understanding of pectic compounds in the plant. It is known, 
although not widely recognized, that the enzymes protopectinase (which brings 
about tissue disintegration) and pectinase (which is associated with the break- 
down of pectin or pectic acid) are different entities (Davison and Willaman, 
1927). Nevertheless, it was thought advisable to determine whether or not 
any correlation did exist between the ability to disintegrate vegetable tissue 
and the fermentation of pectin. If such were the case, we would have a readily 
accessible method for distinguishing between Erwinia and coliform cultures. 

Cultures used. The soft-rot isolates used in this study have been tested 
for rotting ability many times and until January, 1941, all exhibited this prop- 
erty. Since then, three (CAl, ECl, and CA2) of the cultures have become 
avirulent. Nevertheless, these organisms have been incorporated in order to 
compare virulent with avirulent forms. The cultures used were, with a few 
exceptions, identical with those studied by Elrod (1941) in a biochemical and 
serological survey of the soft-rot group. They were all actively motile. 

EXPERIMENTATION 

All of the biochemical and rotting tests were conducted in duplicate at both 
20°C and 37®C to ascertain if Erwinia exhibited the same temperature differ- 
ences noted by Stuart et al. (1940) in their study of aberrant coliforms. 

a. Lactose fermentation 

As is seen in table l,all of the Erwinia cultures were able to ferment lactose at 
20°C. The time necessary for the production of acid (Durham fermentation 
tubes with brom-cresol-purple as an indicator were employed) varied consid- 
erably. Several cultures, NZ, 4, 5, 11, ECl and B81, formed acid in 24 hours. 
The slowest fermenting culture was ES which required seven days to produce a 
definite acid reaction. A small bubble of gas was produced by the tenth day. 
Gas was formed by seven of the strains but never in a quantity exceeding 20 
per cent of the vial. This gas formation was slow and only an immeasurable 
amount was formed in 48 hours. Whereas all the cultures fermented the disac- 
charide at 20°C, five failed to do so at 37°C. 

b. IMViC plus cellobiose 

None of the cultures tested for the formation of indole with Ko vac’s reagent 
formed this substance in five days’ time in tryptophane broth (table 1). This 
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result is in keeping with most of our information concerning indole production 
by soft-rot organisms. Exceptions can be found in the literature, most no- 
tably in Bergey et al. (1939) where Erwinia solanisapra and to some extent E, 
carotovora are said to form small amounts of indole. Stanley, however, with 
over 100 cultures found but two organisms which formed indole and one of these 
was a non-lactose-fermenter. Bonde (1939) was able to demonstrate indole 
production by several soft-rot strains by means of Kovac’s test, although sev- 
eral other tests had proved negative. 

TABLE 1 


Lactose^ IMViC and cellobiose reactions by Erwinia isolates at and S7^C 


OROAN- 

ISSC 

TESTED 

LACTOSE 

INDOLE 

METHYL RED 

VOGES- 

PROSKAUER 

CITRATE 

CELLOBIOSE 

IMViC + 

CELLOBIOSE AT 
TEMPERATURE 
OF GREATEST 
ACTIVITY 

20® 

37 ® 

20® 

37 ® 

20® 

37 ® 

20® 

37 ® 

20® 

37 .® 

20® 

37 ® 

CAl 

AG 

AG 

— 

— 

it 

-f 

+ 

+ 

4- 

4- 

AG 

AG 

-4-+4-4- 

NZ 

Ab 

A 

- 

- 

+ 

+ 

- 

— 

+ 


A 

A ' 

- + -+A 

496 

A 

- 

- 

- 


- 

— 

- 

- 

- 

A‘> 

A 

— 1 h 

494 

A 

- 


- 


— 

- 

- 

4- 

- 

A 

- 

- + -4-A 

WV3 

A 

A 


— 

+ 

-h 

— 

— 

+ 

4- 

A 

A 

-4— 4-A 

ECl 

AG 

AG 


- 

- 

- 

4- 

4- 

4- 

4- 


-f 

+++ 

EC2 

Ab 

A 

- 

- 


- 


- 

+ 


A 

A 

-4--4-4- 

EC4 

A 

A 

— 


— 

— 



4- 

— 

A 

A 

4- 4-A 

ECS 

A 

A 

— 


— 

— 

i 

it 

+ 

— 

A 

A 

4-+A 

B81 

A 

A 

- 

- 

+ 

dz 

4- 

it 

4- 

- 

A 

A 

-4-4-+A 

5 

A 

A 

““ 1 

- 

+ 

— 

- 

- 

4- 


A 

A 

-4--4-A 

11 

A 

A 

— 

— 

+ 



— 

4- 

4- 

A * 

A 

-4--4-A 

EA 

A 

A 

- 

- 

+ 


4- 

~ 

4* 

- 

A 

A 

-4- 4- 4-A 

ES 

Ab 

— 

— i 

— 

1 ' 

! - 

— 

— 

— i 

— 

A 

— 

-4- A 

495 

A 

- 

- 

- 

i + 1 

i ^ i 

- 

- 

4- 

— 

Ab 

A 

-4—4-4- 

EC 

A 

A 

- 

- 

^ + I 

4- 1 

- 

- 

4- 

4- 

A 

A 

-4--4-A 

WV6 

A 

AG 

— 

— 

__ 1 

— 

^ 4- 

4- 

4- 

4- 

AG 

AG 

-f-f4- 

CA2 

I AG 

- 

- 

- 

+ 

4: 

4- 

-1- 1 

+ 

4- 

AG 

- 

-4- 4-4-4- 

4 

A 

A 

— 

i 

+ i 

1 

“ ! 

— 


4- 

— 

A 

A 

-4--4-A 


AG = acid and measurable gas. — = no acid or gas or no reaction. 

A^ = acid and bubble of gas db = weak reaction. 

A = acid only. -f = strong reaction. 


The medium used in both the methyl-red and Voges-Proskauer test was 
Difco^s M.R.-V.P. medium. Methyl-red tests were made at 48 and 96 hours, 
while acetylmethylcarbinol was tested for each day for one week. In the latter, 
Barrit’s a-naphthol test was used. The Voges-Proskauer test was fairly con- 
stant at the two temperatures employed, while a considerable difference was 
noted in the methyl-red reaction between 20'^C and 37°C. A stronger acid reac- 
tion with ten of the cultures was produced at the lower temperature. In the 
final analysis, eleven cultures were MR+, VP— ; four, MR—, VP+; and four, 
MR+, VP+ (table 1). 

The methyl-red and Voges-Proskauer tests seldom have been used in regard 
to Erwinia isolates. Dowson (1939) lists E, aroideae as VP+, MR— and 
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E. carotovora, VP—, MR+. Whether more than one culture of each was used 
in drawing this conclusion is not known. Stanley found his cultures to be ex- 
tremely variable in the methyl-red test when tested over a period of years. 
Many of his cultures were VP—, MR+, many VP+, MR—, and a larger 
number VP—, MR—, while only a few were VP+, MR+. 

All of my cultures but two (ES and 496) were positive on Simmon’s citrate 
agar at 20®C. At 37®C, however, only seven of the strains were able to uti- 
lize the citrate as the sole carbon source (table 1). The majority of Stanley’s 
cultures were citrate-positive at 20°C. 

TABLE 2 


Gelatin liquefying , pectin fermentation and rotting tests of Erwinia and coliform cultures 


OXGANZSM TESTED 

GELATIN 

PECTIN 

CAXXOT 

turnip 

CAl 

+ 

4- 

— 

— 

NZ 

4- 

4- 

+ 

4- 

496 

+ 

— 

+ 

4- 

494 


4- 

+ 

+ 

WV3 

— 

4- 

4- 

4- 

ECl 

-f 

— 

— 

— 

EC2 

+ 

4- 

4- 

+ 

KC3 

4- 

4- 

4- 


EC4 

+ 

4- 

4- 

+ 

B81 

4- 

+ 

4- 

4- 

5 

+ 

+ 

4- 

+ 

11 1 

+ 

4- 

+ 

4- 

EA 

4- 

4- 

4“ 

4- 

ES 

4- 

4- 

+ ! 

4- 

495 

— 

4- 


4- 

EC 

4- 

— 


4- 

WV6 

— 1 

— 


4- 

CAZ 

4- 

4- 

— 

— 

4 

4- 

4- 

4- 

+ 

50 representative 
conforms 

1 

22* 

0* 

0* 


* Number of cultures reacting positively. 


As in the case of lactose, all of the strains fermented cellobiose at 20°C. 
In some cases the reaction proceeded rapidly; in others, very slowly. Three 
isolates failed to ferment the sugar at 37°C (table 1). 

c. Gelatin liquefaction 

One of the differences between Aerobacter aerogenes and A. cloacae is the ability 
of the latter to liquefy the gelatin medium. This reaction, however, is not a 
constant characteristic, there being found numerous non-liquefying strains of 
A. cloacae, Gelatinolysis with this organism usually proceeds slowly, although 
there are exceptions. 

In gelatin stab cultures, sixteen of the nineteen isolates were able to hy- 
drolyze the medium (table 2). For the most part, this liquefaction was rapid, 
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being complete in 2-3 days at 20°C. There were a few cultures that required 
10-14 days before hydrolysis was detectable. Frazier gelatin-agar plates also 
proved the remaining five strains to be negative. Bonde (1939) has indicated 
that all of his isolates liquefied gelatin, and, this is usually thought to be true 
of soft-rot organisms. 


d. Pectin fermentation 

Inasmuch as the reducing sugars associated with pectin are soluble in 80 per 
cent alcohol, several soakings and washings with this solvent eventually re- 
moved any of these contaminating substances. The usual procedure was to 
place a weighed sample of the granulated pectin in a flask to which considerable 
80 per cent alcohol was added. The mixture w’as shaken thoroughly and then 
incubated 12 hours with occasional shaking. The alcohol was filtered off, 
fresh alcohol added and the flask again incubated 6-8 hours. The mixture was 
filtered and the pectin on the filter paper washed 6-7 times with 80 per cent 
alcohol and twice with 95 per cent. The alcohol-moist pectin was then placed 
in a sterile petri dish and heated to dryness at 37°C. A 5 ml. sample of the 
last 80 per cent alcohol filtrate was evaporated to dryness and a qualitative 
Benedict’s test performed with the residuum; this invariably proved negative 
for reducing sugars. This procedure shortens the time of McFadden’s method 
(1941) five or six days. 

A basic synthetic medium was made up of 0.2 g. magnesium sulfate, 0.1 g. 
calcium chloride, 0.2 g. sodium chloride and 0.2 g. dipotassium phosphate per 
liter. This was sterilized by filtration through a Berkefeld N filter. The pectin 
was added so that the final concentration was approximately 0.5 per cent. 
Brom-cresol-purple was used as an indicator. On the addition of pectin, 
the medium became acid and it was necessary to adjust to neutral with sterile 
NaOII. After tubing aseptically, the tubes were incubated 48 hours at 37°C 
and 3-4 days at 20°C. The percentage of contaminated tubes was about 5 
per cent; fairly effective sterilization of the pectin had taken place during the 
purifying process, 

Four tubes of this medium were inoculated with each Erwinia and coliform 
culture, two incubated at 37®C and two at 20°C for one week. All but two 
(EC and 496) of the actively rotting organisms fermented pectin. On the other 
hand, there w^ere a great number of Aerdbacter and intermediate coliform cul- 
tures which fermented the carbohydrate. Only three strains of Escherichia coli 
were positive in the pectin medium; all of these were of fecal origin. Among the 
fermenting Aerdbacter cultures a large number were derived from feces. It is 
apparent that there is no correlation between the ability to ferment pectin 
and the rotting of carrot or turnip (table 2). 

e. Pathogenic action on carrot and turnip 

As a means of testing the pathogenicity of the organisms, both carrots and 
turnips have been used. Jones’ (1905) method was used to test the patho- 
genicity of the organisms against carrot and turnip. The vegetable tissue was 
sectioned aseptically and one piece (0.5 cm. x 0.5 cm. x 1.0 cm.) added to a tube 
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of nutrient broth and incubated several days to control for contamination. 
Tubes of both carrot and turnip were inoculated in duplicate; one set was in- 
cubated at 37°C and the other at 20®C. The progress of the rot was tested by 
probing with a stiff nichrome needle. Those showing active rot became soft 
and soon broke up. Unaffected pieces and controls in uninoculated broth 
were firm after weeks of incubation. This method proved far more satisfactory 
than inoculating sterile slices of carrot or turnip. This test is in reality a test 
of protopectinase production (Davison and Willaman, 1927). 

The ability to macerate the vegetable tissue was possessed by sixteen of the 
Erwinia isolates (table 2). Five of the cultures (CAl, CA2, ECl, 495 and WV6) 
failed to act on the carrot, while three (CAl, ECl and CA2) also had no effect 
on turnip. Inasmuch as all of the cultures were known at one time to be patho- 
genic for carrot and turnip, the ability to rot must have been lost in storage. 
The lower temperature was more effective, although some organisms were able 
to act on the middle lamella of the cells at 37°C. 

Fifty coliform organisms including Aerobacter aerogenes, A. cloacae^ 
Escherichia freundii, and E. coli, as well as intermediates, isolated from soil, 
grain, feces, etc., were tested similarly. In no case, however, was the slightest 
degree of maceration detectable (table 2). These tests were examined daily 
for three weeks and in each case the vegetable tissue remained as firm as 
the controls in uninoculated broth. 

DISCUSSION 

Had the Erwinia cultures used in this work been isolated in the course of a 
coliform investigation, there seems little doubt but that most would have been 
classified as aberrant or irregular coliforms. Without the aid of maceration 
experiments, there is no possible means by which they could be classified else- 
where. Classifying these organisms according to Stuart’s aberrant coliform 
grouping, six arc micro-aerogenic, while the others are anacrogenic. It is 
known, however, that, like coliforms, Erwinia cultures can shift from an anacro- 
genic state to an aerogenic one, or vice versa (Stanley 1939, Elrod 1941). It 
was originally contended by Harding and Morse (1909) that the anaerogenic 
soft-rot organisms were only strains of the aerogenic forms, and most certainly 
Dowson’s (1941) recent separation of Erwinia aroideae and E. carotovora will 
break down due to this fact. Thus, the aerogenic and anaerogenic states in 
both the coliform group and Erwinia are not constant. 

By means of the IMViC reactions plus ccllobiosc feimentation, Erwinia iso- 
lates can be placed in well-known coliform groups. Nine of the cultures were 

either group 8, — | 1-+, or group 9, — 1 hA (Stuart’s classification); 

four were in groups 2 and 3, h + + and h+A; one was group 11, 

— I group 12, — 1 A; while four were grouped as irregu- 

lars, — 1- + + + or — h + +A. The majority of these fall into the group 
classified by Stuart as intermediates; none showing any apparent relationship 
to the Escherichia coli group. From this work it seems that the majority of 
the soft-rot organisms more nearly approached the characteristics of E. freundii, 
- + -+ + . 
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Gelatinolysis occurs more rapidly with Erwinia than with Aerobacter 
cloacae, at times the speed of reaction more nearly approaching the Proteus 
group. The fact that all of our Erwinia cultures are motile would likewise link 
the group with A. cloacae. It has also been shown by Elrod (1941) that a large 
majority of Erwinia strains ferment glycerol with the formation of acid only, 
seldom acid and gas. This also is characteristic of A, cloacae. The closer affinity 
of the soft-rot group would seem, therefore, to lie with A, cloacae, and not A. 
aerogenes. Depending on the criteria used, it would be possible to link Erwinia 
with either Escherichia freundii or A. cloacae. 

The three pectic substances associated with plant tissues are protopectin, 
pectin and pectic acid. It is the protopectin which forms the cementing ma- 
terial of the middle lamella of plant cells. On hydrolysis protopectin yields 
an araban and pectin, and the binding property of the substance is lost. The 
separation of the cells from one another is usually spoken of as maceration. 
Macerating can be effected in man 3 '' ways: long boiling (especiall.y under pres- 
sure), treatment with 0.5 per cent ammonium oxalate at 70°-80°C, heating 
with dilute acids, elcctrodialysis and hy the enzyme protopectinase. It is the 
latter which gives effectiveness to the soft-rot organisms and to certain fungi. 
Pectin fermentation, on the other hand, is undoubtedly" due to several enzymes; 
pectinase, which hydrolyzes pectin and pectic acid to sugars and galacturonic 
acid, and the enzj^mes which would act on these sugars. It is apparent, there- 
fore, that there is no reason to expect that the ability to ferment pectin is any 
indication of an invasive nature. From the experiments conducted here, it is 
obvious that coliform organisms do not possess the ability to liberate proto- 
pectinase and therefore cannot assume the role of attacking plants. This proto- 
pectinase* activity" would seem to be a criterion of sufficient importance to sepa- 
rate virulent Erwinia isolates from other lactose fermenters. It is difficult, 
however, to determine the taxonomic position of soft-rot organisms which have 
lost the ability to produce protopectinase. It seems, at present, that the 
ability to rot living plant tissue is a characteristic which warrants maintaining 
the soft-rot organisms in a position distinct from coliform bacteria, i.e., in the 
genus Erwinia. At the same time, however, one must recognize the veiy close 
relationship of the two groups. It is also true that such descriptions as “usu- 
ally attack pectin’’ as given in Bergey’s manual are entirely misleading. 

CONCLUSIONS 

The manner in which species of Erwinia ferment lactose would tend to classify 
them as aberrant coliforms. On the basis of their IJNIViC patterns, the majority 
w"ould seem to approximate Escherichia freundii. On the other hand, according 
to their gelatin-liquefying ability, motility and production of acid in glycerol, 
the relationship seems to be closer to Aerobacter cloacae. 

Sixteen of the Erwinia cultures possessed the ability to macerate vegetable 
tissue. This characteristic was not shared by^ any^ of the 50 coliform cultures. 
All but two of the Erwinia isolates fermented pectin in a symthetic medium, 
while 22 of the 50 coliform organisms, including three Escherichia of fecal origin, 
did so. There was no correlation between the ability to disorganize plant 
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tissue and pectin fermentation. On the basis of this macerating ability, it is 
contended that the placing of soft-rot organisms in a genus {Erwinia) separate 
from the coliforms is valid. At the same time the close relationship of the two 
groups is recognized. 

The coliform cultures were supplied by Dr. C. A. Stuart and Mr. Robert 
Rustigian of Brown University. I want, also, to express my appreciation to 
Dr. Stuart for his interest in the problem. 

REFERENCES 

Berget et al. 1939 Manual of determinative bacteriology. 5th ed. Baltimore. 
Bonde, R. 1939 Comparative studios of bacteria associated with potato blackleg and 
seed-piece decay. Phytopathology, 29 , 831-851. 

Davison, F. R., and Willaman, J. J. 1927 Biochemistry of plant diseases. IX. Pectic 
enzymes. Bo tan. Gaz., 83 , 329-361. 

Dowson, W. j. 1939 On the systematic position and generic names of the gram negative 
bacterial plant pathogens. Zentr. Bakt. Parasitenk. II., 100 , 177-193. 

Dowson, W. J. 1941 The identification of the bacteria commonly causing soft-rot in 
plants. Ann. Applied Biol., 28, 102-106. 

Elrod, R. P. 1941 Serological studies of the Erwineae. II. Soft-rot group; with some 
biochemical considerations. Bo tan. Gaz., 103 , 266-279. 

Harding, H. A., and Morse, W. J. 1909 The bacterial soft-rot of certain vegetables. 

I, The mutual relationships of the causal organisms. N. Y. Agr. Exp. Sta. Tech. 
Bull. 11. 

Jones, L. R. 1905 Cytolytic enzyme produced by B, carotovorus and certain other soft- 
rot bacteria. Zentr. Bakt. Parasitenk. II., 14 , 910-940. 

McFadden, D. B. 1941 A chemical method for the sterilization of pectin. (Abst.) 

J. Bact., 42 , 289-290. 

Parr, Leland W. 1939 Coliform bacteria. Bact. Revs., 3, 1-47. 

Stanley, A. R. 1939 Physiologic and serologic studies of the soft-rot and colon group of 
bacteria. W. Va. Agr, Exp. Sta. Bull. 287. 

Stuart, C. A., Griffin, A. M., and Baker, Muriel. 1938 Relationships of coliform 
organisms. J. Bact., 36 , 391-410. 

Stuart, C. A., Mickle, F. L., and Borman, E. K. 1940 Suggested grouping of slow 
lactose fermenting coliform organisms. Am. J. Pub. Health, 30 , 499-508. 

Stuart, C. A., Baker, Muriel, Zimmerman, Alice, Brown, Carolyn, and Stone, C. M. 
1940. Antigenic relationships of the coliform bacteria. J. Bact., 40 , 101-142. 



YEASTS OCCURRING IN SOURING FIGS 

E. M. MRAK, H. J. PHAFF, R. 11. VAUGHN and H. N. HANSEN 
University of California, Berkeley, California^ 

Received for publication, February 26, 1942 

Figs frequently undergo an internal yeast fermentation while maturing on the 
tree. This is possible because botanically the fig is a syconium; a more or less 
hollow receptacle the inner walls of which are lined with flowers when immature 
and by seed-like fruits when ripe. It has an opening at the flattened end which 
is closed by overlapping scales during the earh- stages of development. After the 
fmit begins to ripen these scales loosen and an opening termed the ''eye’’ is 
formed. At full maturity the flesh of each floret becomes juicy, forming an ideal 
medium for the growth of microorganisms carried into the fruit by various 
agencies, particularly by insects entering through the "eye”. Beneficial as well 
as harmful insects ma}" enter the fruit since the fig "wasp” (Blastophaga psenes 
L.) is necessary for pollination of the Calimyrna variety. This insect, however, 
as well as the undesirable ones may be responsible for infection of the fruit with 
destructive microorganisms. Fungi, other than yeasts and bacteria, causing fig 
spoilage ha\’e been studied extensively ])y Caldis (1927), Smith and Hansen 
(1931) and Hansen and Davey (1932). Most authors discussing fig si)oilage 
refer to yeasts in connection with a type of deterioration termed "souring”; a 
spoilage involving the pioduction of acid and a vinegar-like odor. Smith and 
Hansen (1927) described souring as a form of spoilage causing the (jontents of 
ripe figs to ferment and sour with subsequent dripping of liquid from the "eyes”. 
Condit (1941) stated in regard to souring; "this is the cause of an immense loss of 
figs every year, (\si)ecially in the Adriatic and CalimjTiia varieties. Souring is 
caused by the action of specific yeasts and bacteria on the internal saccharine 
juice of the fig. Investigation has shown that figs are internally sterile until they 
are entered b^^ insects, after which they commonly become infected with yeasts, 
molds, and bacteria.” Caldis (1930) indicated that fig souring is primarily an 
alcoholic fermentation but subsequent changes may take place, the commonest 
being that brought about by the action of acetic acid bacteria on the alcohol with 
the production of acetic acid. Caldis isolated three types of yeasts, two of w^hich 
produced typical souring when inoculated into ripe figs; the third type produced 
a different form of disease. The first two were termed Mycoderma and Apiculata 
and the third Torula, Davey and Smith (1933) included Mycoderma, Pseudo- 
saccharomyces, Hansenia, and Pichia in the true souring yeasts of figs. The non- 
souring yeasts included those forming membranous, wrinkled, dry, surface 
growth on solid media. No other publications are available concerning the 
yeasts occurring in "souring” figs. It is apparent that the information available 
on these yeasts is meager and useless from the standpoint of the currently ac- 
cepted taxonomy of yeasts. 

' Part of the non-technical assistance was supplied by W.P.A. Project No. 65-1-08-91, 
Unit B-5. 
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EXPERIMENTAL PROCEDURE 

Thirty samples, each containing several souring figs were obtained in 1938 and 
1939 from trees growing in widely separated areas in California. Most of the 
samples were collected in 10 different fig-producing districts located in the San 
Joaquin Valley, although some were obtained from an isolated orchard in Diablo 
Valley and others from three remotely located trees in the Santa Clara Valley. 
The latter two valleys are about 30 and 100 miles distant, respectively, from the 
centers of commercial production in the San Joaquin Valley. 

The varieties collected included the Calimyrna which is insect pollinated and 
the Adriatic and Kadota which require no pollinization. 

Isolation was accomplished by direct plating from the interior of infected 
fruits, all of which yielded yeasts. Identification procedures were similar to 
those employed by Mrak, Phaff, and Vaughn (1943). Qualitative tests for 
acid formation were made by observing for the clarification of slants of yeast 
infusion agar containing § per cent of chalk, and of slants of 10° Balling fig ex- 
tract agar also containing ^ per cent chalk. For the quantitative determination 
of acid production 50 ml. of 20° Balling extract of dried figs were sterilized in 4oz. 
bottles, then inoculated and stored 10 days at room temperature. Analyses 
were then made for total and volatile acids by the methods of the Association of 
Official Agricultural Chemists (1936). 

To determine the tolerance to high concentration of sugars all yeasts isolated 
were inoculated in 30° Balling fig syrup. If growth occurred the cultures were 
transferred subsequently to 40° and finally 50° Balling syrup. 

EXPERIMENTAL RESULTS 

One hundred and fifteen isolates of yeast were obtained from 30 samples of 
souring figs. Sixty-four were sporulating and 51 non-sporulating forms. Most 
isolates proved to be species of Saccharomyces or Candida. Several isolates of 
Pichia, Hanseniaspora, Kloeckera and Torulopsis were also found. Of Zygo- 
saccharomyces, Zygopichia, Hansenula and Debaryomyces, only single repre- 
sentatives were obtained. 

Sporulating yeasts. Genus Saccharomyces: Thirty-six out of 37 of these or- 
ganisms isolated were members of the subgenus Saccharomyces s.s. and only 1 of 
the sub-genus Zygosaccharomyces, Twenty-five of the isolates of Saccharomyces 
were S, cerevisiae Hansen, 6 S. tubiformis Osterwalder, 2 S. fragilis Jorgensen 
and 1 each of S, cereviseae var. ellipsoideus (Hansen) Dekker, S. carlsbergensis 
var. monacensis (Hansen) Dekker, and S. carlsbergensis var. polymorphus Dekker. 
The isolation of a single culture of S, cerevisiae var. ellipsoideus as compared with 
25 of S, cerevisiae compares well with the results of Mrak and McClung (1940) in 
a study of yeasts occurring on California grapes. 

The six isolates of S, tubiformis fermented maltose so slowly that gas formation 
could be determined only by use of the van Iterson-Kluyver fermentometer, 
Durham tubes and modified Durham tubes using 25 mm test tubes and 5 ml vials 
as suggested by Henrici (1941) gave negative results. 

S. fragilis Jorgensen is a lactose-fermenting yeast that has been isolated com- 
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monly from dairy products but not previously from fruits. The isolates defined 
as S. fragilis differ from the type species in the three following respects: 1. Lac- 
tose is fermented only after adaptation to this sugar and then at a slower rate 
than by the type species ; 2. Adaptation occurs only when the cells multiply in the 
presence of lactose and not simply by standing, while in a nonproliferating condi- 
tion, in a medium containing this sugar; 3. One of the isolates was able to respire 
and assimilate maltose but could not ferment it ; a phenomenon discussed in detail 
by Kluyver and Custers (1940). 

The metabolic activities of these organisms and of the type species of S. 
fragilis were compared by use of Durham fermentation tubes, van Iterson- 
Kluyver fermentometers and the Warburg manometric technique. Multipli- 
cation of cells is facilitated in Durham tubes because of aerobic conditions. 
Adaptation occurs during this multiplication, hence the cells will ferment lactose 
irrespective of the medium on which previously grown. The rate of fermenta- 
tion, however, is faster if the cells are taken from yeast infusion lactose slants. 
In the van Iterson-Kluyver fermentometer, multiplication of cells is practically 
absent because of the strictly anaerobic conditions. In view of this fact, scarcely 
any fermentation is observable if the cells are taken from malt agar slants. Cells 
taken from yejist infusion lactose slants show a slow fermentation requiring 
about GO hours for completion. The type species on the other hand ferments a 
4 per cent lactose solution to completion in 12-18 hours affected only slightly by 
the medium on which the cells were previously grown. These results show that 
if the fermentometer is to be used to test for the fermentation of specific sugars, 
the yeast should also be grown in a medium containing the sugar to be tested as 
the sole source of carbon. The results obtained by use of the Warburg mano- 
metric technique were similar but more exact from a quantitative point of view. 
The cultures isolated from figs showed neither respiration nor fermentation of 
lactose when grown on malt agar plates. When the cultures tested were grown 
on yeast-infusion lactose agar plates for 48 hours at 30'^C. the rate of fermenta- 
tion of the type species of S. fragilis was about five times that of the cultures iso- 
lated from figs. The rate of respiration on the other hand was of the same order 
of magnitude for all three cultures. The ability to ferment lactost' is possessed 
by relatively few yeasts. To our knowledge no other species have been reported 
to require lactose adaptation before being able to ferment this sugar. 

One of the lactose-fermenting yeasts isolatc'd from figs showed the ability to 
assimilate maltose on an auxanogram i^late. This was checked quantitatively 
by use of the Warburg technique. Anaerobic fermentation did not occur but 
there was appreciable respiration and slight aerobic fermentation (fermentation 
in the presence of air) of this sugar. The second culture isolated from figs as well 
as the type species was unable to attack maltose. Kluyver and Custers made a 
similar observation with S. fragilis. Other examples of this type of respiration 
and assimilation of disaccharides by yeasts which do not feiment these sugars 
have been given by Kluyver and Custers (1940) and Mrak et al, (in press). 
Kluyver and Custers explain this phenomenon by assuming a reversible inactiva- 
tion of the hydrolases for certain disaccharides, under anaerobic conditions. 
They reject the possibility of direct respiration of the disaccharide. 
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Although the morphological characters of all these cultures are similar, the 
physiological differences between those isolated from figs and the type species of 
S. fragilis might appear to warrant the specific or varietal segregation of these 
organisms. However, cultures of S. fragilis sporulate freely and rapidly with 
subsequent discharge of the spores by rupturing of the ascus. This permits the 
mixing and fusion of spores from different cells with possible development of 
homozygous and heterozygous strains which may account for the physiological 
differences discussed above. In view of this it is advisable to term the isolates 
S, fragilis until single spore culture studies are made to determine whether or not 
the differences in fermentation and respiration result from hybridizations in 
nature. 

The isolate of >S. carlsbergensis var. monacensis agrees with the description of 
Stelling-Dekker (1931) but the variety polymorphus differs by forming slant 
cultures with entire rather than hairy borders. This species which ferments 
raffinose completely has been isolated in most instances from juices and ferment- 
ing liquors although it has been obtained occasionally from California grap>es, 
dates, figs and prunes. 

The subgenus Zygosaccharomyces was represented by a single culture of Z, 
globiformis Kroemer and Krumbholz which was similar in all respects to one pre- 
viously isolated from California dates (Mrak et ah). 

The isolation of a large number of Saccharomyces and only 1 Zygosaccharomyces 
from figs differs markedly from the proportion of these yeasts found on dates by 
Mrak et ah and on dried prunes by Mrak and Baker (1939). The yeast flora of 
figs resembles more closely that of fresh grapes, (Mrak and McClung, 1940). 

The different fruits mentioned above vary considerably in sugar content. 
Fresh figs contain 20 to 35 and grapes 20 to 25 per cent of sugar. Dates, on the 
other hand, contain 65 to 70, dried figs 50 to 65, and dried prunes 40 to 50 per 
cent of sugar. Since most species of Zygosaccharomyces can grow in the presence 
of higher concentrations of sugar than other yeasts, the sugar content of the fruit 
is undoubtedly a factor influencing the relative prevalence of these 2 subgenera. 
Genus Pichia: Sixteen isolates were included in the subgenus Pichia s.s. and 1 in 
Zygopichia, Fourteen of these were similar to P. Jeluyveri, an organism recently 
described by Bedford (1941). It is characterized by the fermentation of glucose, 
fructose and mannose, poor growth in synthetic medium, inability to utilize as- 
paragin, ammonium sulfate, urea and nitrate, and by poor growth in alcohol 
medium without film formation, but with ester production. P. kluyveri differs 
from P. fermentans Lodder by failing to utilize asparagine, ammonium sulfate 
and urea; by the production of esters and by the absence of a pellicle in alcohol 
medium. 

The production of esters is typical for the genus Hansenula^ while unknown for 
species of Pichia until the isolation of Pichia kluyveri. It may be well to discuss 
in some detail the gradually fading borderline between the genera Hansenula 
and Pichia, Until the publication of Stelling-Dekker ^s monograph in 1931 the 
former genus differed from the latter by ascospore characteristics, its fermenta- 
tive power, the formation of esters, the ability to split esculin and to utilize 
nitrate as the single source of nitrogen. 
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To differentiate the genera Pichia and Hansenula, the older literature laid con- 
siderable stress on spore morphology. Kloecker (1923), for example, defines the 
genus Pichia as having spherical, hemispherical, irregular or angular spores and 
Hansenula {Willia) as having hat- or saturn-shaped spores. However, Stelling- 
Dekker (1931) stated that both genera have hat-shaped spores in common, which 
also has been observed by the writers although the detailed morphology is 
somewhat different. Pichia spores usually have an oil droplet, but so have the 
spores of Hansenula saturnus. The authors are disinclined to believe that the 
spore morphology forms a strict character for generic differentiation. In 1932 
Lodder published the description of Pichia fermentans, which broke down the 
fermentation point of difference. In 1941 Bedford described Pichia kluyveri, 
able to produce at least as much ester as some Hansenula species and also able to 
split esculin. This left as the only point of difference the utihzation of nitrate, 
because morphologically the two genera are very similar. Bedford (1941) and 
also Mrak et al. found a species of Hansenula, termed H, suhpelliculosa, which 
does not attack nitrate in a completely synthetic medium in contrast to all other 
Hansenula species. The auxanogram plate is positive probably because the 
heavy inoculum introduces enough growth substances to permit development at 
the expense of the nitrate added. 

To differentiate two genera on a single physiological character of a nature as 
described seems unsound to us. It may be advisable in the near future to form 
one genus, containing subgenera of the nature of Pichia, Zygopichia, Hansenula 
and Zygohansenula. 

A single organism was considered to be P. fermentans Lodder although there 
are differences in film, slant culture and spore characteristics. The film pro- 
duced is thin and smooth, the slant culture dull, and ascospores spherical rather 
than hat-shaped. Such differences might be considered sufficient for species 
segregation but in our experience these characters show considerable variation in 
the genus Pichia, Slant cultures and films frequently undergo variations in 
response to the particular conditions of growth and ascospores may vary in shape 
from spherical to hemispherical or be slightly hat-shaped in the same species. 

One isolate of Pichia helgica (Lindner) Dekker was found, which agrees quite 
well with the description of the type species by Stelling-Dekker. In view of the 
fact that this worker was unable to obtain ascospores with the type species pre- 
sent in the collection of the Centraalbureau voor Schimmelcultures at Baarn, 
Holland, it is worthwhile mentioning that our culture sporulated abundantly on 
any type of medium. The morphology of the spores is similar to the original 
description and drawings given by Lindner (1909), that is, indistinctly hat- 
shaped with a short brim. 

The isolate of Zygopichia is similar to Z, chevalieri (Guilliermond) Dekker. 

The occurrence of fermenting species of Pichia has been reported relatively few 
times. Aside from P. fermentans Lodder all isolations of fermenting species of 
Pichia have been made in California. P. kluyveri has been obtained from figs 
and pickled olives, P. chodati var. fermentans from dates, and P. fermentans 
from figs. 

Genus Hanseniaspora: Eight isolates, similar in all respects to H. melligeri 
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Lodder, were obtained from eight different fig samples. This is one of the com- 
monest species of Hanseniaspora in California. Besides Melliger’s isolate (1931) 
from Egyptian dates, we have obtained this organism from California dates, figs, 
prunes and apples from widely separated areas. Except for the description by 
Lodder (1932) no other reports of the occurrence of this organism have been 
found. 

Genus Hansenula: A single isolate of H, anomala var. sphaerica (Naegeli) 
Dekker was obtained. Relatively few cultures of Hansenula have been reported 
from Cahfornia fresh fruits. Several cultures, on the other hand, have been 
isolated in California from beverages, concentrates, pickles and stored foods such 
as dried fruits. 

Genus Debaryomyces: The single isolate obtained differs from described species 
in its ability to ferment maltose, growth in alcohol medium and in cell size. The 
fermentation of maltose is slow but is easily detectable in Durham tubes. The 
culture isolated from figs is described as D, dekkeri, 

Debaryomyces dekkeri nov, sp. Cells spherical to globose in 1, 3, and 40 day 
liquid wort cultures. Cells in 1 and 3 day liquid wort cultures range (2.4-3 .6/x) 
X (2.4-3.6/x) and average (3 x 3/i). No pellicle formation in 40 days but a narrow 
ring appears in 5 days. In young cultures cells single or in pairs ; clusters present 
in 40 day cultures. Budding on all sides. Ascospore formation follows iso. or 
heterogamic conjugation. Ascospores spherical and rough with centrally located 
oil droplet. One or 2 ascospores form in one of the conjugating cells. Ascospore 
size averages (2.9 x 2.9m). Cells sometimes form abortive conjugation tubes. 
Ferments glucose, fructose, mannose, sucrose, maltose slowly and | of raffinose. 
Does not ferment galactose or lactose. Utilizes asparagin, ammonium sulfate, 
urea and peptone but not nitrate. A good growth in alcohol medium. Slant 
culture pale olive buff, smooth to slightly verrucose, glistening, and convex with 
entire borders. 

Species of Debaryomyces apparently seldom occur on fruits or fruit products but 
commonly on pickles and meats (Mrak and Bonar 1938, 1939). 

Non-sporulaiing lyeasts. The majority of the non-sporulating yeasts were 
species of Candida^ Kloeckera and Torulopsis, 

Genus Kloeckera: Of 13 isolates belonging to this genus 12 wore K. lindneri 
(Kloecker) Janke and 1 K. africana (Kloecker) Janke. The isolates of K. 
lindneri differed slightly from the organism described by Lodder (1934) in cell 
size and consistent inability to liquefy gelatin. The culture of K. africana pro- 
duced esters and an incomplete pellicle of loose islets in wort. These character- 
istics apparently do not occur in the type culture of K, africana. 

Sporulating as well as non-sporulating apiculate yeasts have been isolated from 
fresh fruits in California but only the sporulating genus Hanseniaspora from dried 
fruits. The concentration of sugar present in dried fruits may be considered a 
factor favoring sporulation or inhibiting the growth of Kloeckera. However, the 
isolates of Kloeckera and Hanseniaspora from figs showed no difference in toler- 
ance to high concentration of sugar. Both grew in 40°, but not in 50° Balling fig 
syrup. Cultures of Hanseniaspora isolated from dates on the other hand grew 
well in 50° Balling date syrup. 
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It is possible that the isolates of Kloeckera are in reality imperfects of Hansenia- 
spora that have lost their ability to sporulate. If this is true it may be assumed 
that the isolates of K, lindneri are non-sporulating forms of H. melligeri. The 
consistent ability of H, melUgeri and inability of K, lindneri to liquefy gelatin 
might be explained by the observation of Beijerinck (1898), that sporulating cells 
of certain yeasts liberate the protoplasm not involved in spore formation, soon 
after this process has taken place. The liberated protoplasm can then cause 
liquefaction as soon as it comes in contact with the gelatin. According to 
Beijerinck, protoplasm is not liberated by non-sporulating strains until the cells 
die. Since this occurs more slowly than sporulation, a much longer time is re- 
quired for the non-sporulating strain to liquefy gelatin if liquefaction occurs 
at all. 

Genus Torulopsis: Six isolates of T. stellata (Kroemer and Krumbholz) Lodder 
were obtained from samples collected in four different districts. As far as can be 
determined this organism was previously isolated only in Germany, from the 
juice of partially vine-dried grapes (Trockenbeerenauslese) . 

Genus Candida: Thirty-three isolates of Candida were obtained, twenty-six 
of which were C. krusei (Castellani) Berkhout as described by Langeron and 
Guerra (1938). Six were considered to be C. chalmcrsi Castellani although mal- 
tose and raffinose were fermented slowly and detectable only by use of the van 
Iterson-Kluyver fermentometer. The maltose auxanogram was definitely 
positive. C. chalmersi, according to Langeron and Guerra, ferments neither 
maltose nor raffinose but utilizes maltose in an auxanogram plate. 

One isolate of Candida differs from the described species although it possesses 
characteristics of the guilliermondi group. It differs from C. guilliermondi by 
forming a dry, wrinkled rather than slimy film on wort, forming a film on alcohol 
medium and failing to ferment maltose, although utilizing it on an auxanogram 
plate. This isolate differs from C. chalmersi in pellicle formation on wort and 
alcohol medium and by fermenting galactose, sucrose, and slowly, | of the 
raffinose. This organism is not an imperfect form of Hansenula because of its 
inability to utilize nitrate, nor of Endomycopsis because of the absence of true 
septa. However, until Diddens and Lodder complete their monograph of the 
genus Candida this yeast will be included in the group guilliermondi, without 
specific designation. 

The isolation of such large numbers of Candida from California figs, dates and 
grapes indicates that these organisms are rather wide-spread in nature. The 
isolates from figs and dates have been in most instances C. krusei and C. chalmersi. 
Relatively few or none of the other species have been found on these fruits. It is 
of interest that thus far C. albicans has not been encountered in our yeast flora 
studies. 

Distribution, The commonly isolated yeasts such as S, cerevisiae, H, melligeri, 
C, krusei and C. chalmersi were obtained from all varieties of figs tested. 

The more common yeasts were found in all of the important fig producing 
areas. aS. cerevisiae was found in all and C, krusei in 8 of the 10 districts in which 
samples were collected. The single isolates of H, anomala var. sphaerica and 
Z, globiformis were from fruit grown in Santa Clara Valley which is located about 
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100 miles from the center of fig production. Candida species, on the other hand, 
were not obtained from figs produced in this area even though several samples 
were collected at various times during two seasons. All of the commonly isolated 
yeasts were obtained in both 1938 and 1939. 

Tolerance to high concentrations of sugar. Most of the yeasts isolated from figs 
grew in 40® but not 50® Balling fig syrup. Thirteen cultures of S. cerevisiae, 
7 of C. krusei and 1 each of Zygopichia chevalieri and P. belgica failed to grow in 
40® Balling fig syrup. The cultures of C. chalmersi and Z. globiformis were the 
only organisms showing even slight growth in 50® Balling fig syrup. These 
yeasts are considerably less tolerant to high concentrations of sugar than those 
found on dates. 

Add production. Soured figs have been given this designation primarily be- 
cause of the presence of a distinct acetic acid taste and odor. In fact, an or- 

TABLE 1 


Acid produced by differ erd yeasts in fig extract* 


OSGAKISIC 

NUMBES OF 
ISOLATES 

ACID PEODUCED IN 10 ML. AS ML. OF N/10 NeOH 


TESTED 

Total 

Volatile 

Non-volatile 

P. kluyveri 

11 

2.83-5.50 

0.24-0.60 

2.59-9.40 

H. melligeri 

8 

3.18-5.30 

1.25-2.65 

1-93-2.65 

C. chalmersi 

6 

0.69-1.88 

0.0 -0.05 

0-69-1.83 

K. lindneri 

3 

3.78-4.03 

1.30-3.02 

2.48-1.01 

C. krusei 

2 

0.0 -1.97 

0.0 4). 05 

0.0 -1.92 

S. cerevisiae ... . 

2 

3.94-3.95 

0.25-1.11 

2.84-3.69 

T. stellata 

2 

3.18-4.63 

0.29-0.44 

2.89-3.19 

K. africana 

1 

3.77 

1.25 

2,52 

H. anomala var sphaerica 

1 

8.60 

6.30 

2.30 


* When determinations were made with more than 1 culture of a given species the range 
of acid production is given. 


ganoleptic procedure is used by dried fig inspectors to determine the presence or 
absence of souring. As indicated in an earlier paragraph, many of the authors 
discussing fig spoilage have indicated the direct or indirect connection of yeasts 
with fig souring. These circumstances prompted the present authors to culture 
the yeasts on Custer’s yeast-water-glucose-chalk and fig-infusion-chalk agar 
slants. Thirty-six isolates showed at least a slight clearing of these chalk con- 
taining media. H, anomala var. sphaerica and K. africana clarified the slants 
much more rapidly than any of the others. Quantitative tests were made for 
volatile acid and fixed acid production with the thirty-six isolates causing clarifi- 
cation of the chalk agar. The results are summarized in table 1. It is apparent 
from the data given that volatile and fixed acid production was low in most in- 
stances and not sufficient to cause the spoilage termed souring. In addition, 
members of the two genera Saccharomyces and Candida which were represented 
most abundantly produced least acid of all, while H. anomala and K, africana 
were only represented by single isolates. Experiments with acetic acid bacteria 
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isolated from figs showed that these organisms alone produce appreciable 
quantities of fixed acid but only traces of volatile acid in fig infusion medium 
which cannot account for the acetification observed in fig spoilage, whereas 
heterofermentative lactic acid bacteria produced appreciable quantities of vola- 
tile acid. However, only a few cultures of Lactobacillus and Leuconostoc were 
encountered whereas cultures of Acetobacier wx're isolated from all figs examined. 
Most of the fig souring apparently results from the associative action of yeasts 
and acetic acid bacteria. 


SUMMARY 

One hundred and fifteen yeasts were isolated from 3 varieties of souring figs’ 
Most of the yeasts isolated were species of Saccharomyces or Candida. The 
species of Saccharomyces in order of importance were S. cerevisiae (25), S. tubi- 
formis (6), S. fragilis (2) and 1 each of S. cerevisiae var. ellipsoideus, S. carls- 
bergensis var. monacensis and S. carlsbergensis var. polymorphus. The Candida 
species were C. krusei (26), C. chalmersi (6), and an unidentified species. Other 
organisms were Pichia kluyveri (14), P.fermentans (1), P. belgica (1), Zygospichia 
chevalieri (1), Ilanseniaspora melligeri (8), Kloeckera lindneri (12), K. africana 
(1), and Torulopsis stellata (6), and single isolates of Zygosaccharomyccs globi- 
formis, Hansenula anomala var. sphaerica, and a new species of Debaryomyces. 

The sugar tolerance of the organisms isolated was low; most of them growing 
in 40° but not 50° Balling fig syrup. The production of volatile and fixed acids 
W’as low and not sufficient to cause the spoilage termed souring. 

Evidence is presented to show that adaptive lactase formation occurs in or- 
ganisms termed S. fragilis. 
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Anyone who has had occasion to isolate luminous bacteria can readily under- 
stand why these organisms have received so much attention from microbiologists 
of the present and of the last centuries The aesthetic satisfaction derived from 
the contemplation of these beautiful organisms repays the investigator many 
fold for the hours spent in darkness and seclusion vis a vis some fetid putrefying 
fish. Due partly, no doubt, to this fact, a voluminous literature' dealing with 
these bacteria has accumulated. For an excellent bibliography and a review of 
all the most important contributions to the knowledge of the luminous bacteria 
and to the understanding of the physiology of luminescence, reference iie(*d only 
be made to Pratje (1923) and Har\Ty (1940, 1941). 

Owing to the recognition that the light-emitting process is a by-path of 
respiration, and to the convenience of using changes in the intensity of lumines- 
cence as an indicator of physiological events in the organisms, the luminous 
bacteria have acquired, in the last few years, a new importance in scientific 
research, as material for exceedingly interesting experiments on general physi- 
ological problems. (E.g., Johnson, 1938, 1939.) Little attention, however, has 
been devoted to the natural history of this group of bacteria since Beijc'rinck’s 
studies (Beijerinck, 1889, 1912, 1916). Although innumerable species have been 
described, no thorough systematic stud\^ of the group has ever been undertaken 
with a view to clarifying their relationship among themselves or with other 
bacteria. 

In the hope of contributing to the elucidation of some of the complex taxonomic 
and phj-siological problems involved in the sudy of this group of organisms and 
to the better understanding of some previously recorded observations on the 
behavior of the bacteria under certain conditions, a series of investigations has 
been carried out on the nutrition and metabolism of several species, the results 
of which seem to be of sufficient general interest to w^arrant tluar publication. 

In the present paper, the results of experiments on growth requirements of a 
number of strains will be presented. 

MATERIAL AND METHODS 

The various strains of luminous bacteria used in the present studies were 
obtained as follows. A culture of Photobacterium phosphoreum and one of 
Photobacterium sepiae from Prof. A. J. Kluy\xr^s collection at Delft, were kindly 
supplied by Dr. F. H. Johnson, as was the type strain of Achromobacter harveyi 
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and the strain identified by Dr. Johnson as Photdbacterium fischeri and used by 
him in the redescription of that species (Johnson and Shunk (1936)). A culture 
of Phoiohacterium splendidum, probably representing the original, Beijerinck 
strain, was given to me by Dr. C. E. Clifton, who obtained it also in Delft. 
Beside the strain of Phoiohacterium phosphoreum already mentioned (to be re- 
ferred to as the ‘‘Delft strain’’)? morphologically and physiologically similar 
strains were selected for experimentation from those isolated on various occasions 
at Pacific Grove and Berkeley, California. Of these, nine, including strain no. 2 
and the strain used in previously reported experiments (Doudoroff, 1938) were 
isolated from decomposing flatfish and one (Strain 12) from dead squid. 

The basal medium consisted of distilled water containing M/30 Sorensen 
KH2P04-Na2HP04 phosphate buffer mixture at pH 7.0; 3 per cent NaCl; 0.03 per 
cent NH4CI; 0.03 per cent MgS04; 0.001 per cent FeCb; 0.001 per cent CaCb; 
and 0. 1-0.3 per cent of the organic carbon source by weight. No attempt was 
made to study in detail the mineral nutrition of the organisms, and traces of all 
essential elements were assumed to be present in the reagents used. 

Synthetic organic compounds were used wherever possible. Glucose was 
autoclaved separately in distilled water, since it was found to give rise to ex- 
ceedingly toxic products if autoclaved with phosphates. Thermo-labile com- 
pounds were sterilized separately by filtration through glass filters and added 
to the sterile basic medium. 

The medium was dispensed in 4 ml. amounts in large pyrcx test tubes to 
insure an adequate oxygen supply, no special means of aeration or agitation 
being used. 

Transfers of the organisms from tube to tube were made with a platinum 
loop of 0.003 ml. capacity, except in experiments with P. phosphoreum, where 
0.05 ml. of the culture was used for inoculation. This large inoculum was 
selected for three reasons. Firstly, the development of this species was quite 
slow in synthetic media, and a great deal of time could be saved by using an 
inoculum which would give rise to an earlier development of visible turbidity. 
Secondly, results obtained with smaller inocula were often inconsistent, due, 
apparently, to the very rapid senescence and autol3"sis of the bacteria, especially 
in carbohydrate-containing media, after the “maximum stationary phase of 
development” was attained. Thirdly, it appeared that in many cases an 
“adaptation” of the culture, involving the selection of individuals possessing 
special capabilities was necessary for the development of cultures upon transfer 
to a medium of a diffcient composition from that to which the bacteria had 
become accustomed; and a larger inoculum would provide greater chances of 
obtaining “adaptable” cells (Doudoroff, 1940). Since the use of heavy inocula 
involves a great “carry-over” of any added substances from one culture to the 
next, no synthetic medium was regarded as satisfactory unless the bacteria 
could be cultured with it through at least seven serial transfers. 

^Vhenevcr an attempt at substitution of one of the constituents of a satis- 
factory medium by another resulted in the failure of the organisms to develop 
upon initial transfer, the experiment was repeated, using a series of concentra- 
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tions of the new factor and, in some cases, different initial pH values of the basal 
medium. Furthermore, the bacteria were allowed to develop in a medium con- 
taining a satisfactory nutrient factor together with the one under investigation 
and again transferred to the altered medium. Such cultures not only served as 
tests for the possible toxicity of the new factor, but in some cases apparently 
favored the ‘‘adaptation’’ of the organisms to the new conditions. Tubes show- 
ing no development were usually kept for from fifteen days to a month before 
being discarded. 

NUTRITION OF P. FISCHERI, P. SPLENDIDUM, P. SEPIAE AND A. HARVEYI 

All of the above species developed readily in the synthetic basal medium with 
glucose as sole carbon source, with mean division times from 100 to 150 minute 
at 18-20°C. Growth was considerably slower with synthetic glyceroh in place 
of glucose, the division rate being approximately one third of that observed with 
glucose. On first transfer to synthetic medium with glycerol, A. harveyi devel- 
oped still more slowly, but after two subcultures in this environment a constant 
rate of reproduction comparable to that found in other species was established. 
With alanine as the only substrate, A. harveyi propagated quite readily, P. sepiae 
and splendidum very slowly, and P. fischeri not at all. 

Unlike P. phosphoreum, which always showed fairly good luminescence in 
synthetic media, the other species emitted veiy little light or none at all, re- 
taining, however, their ability to luminesce upon return to complex media. 

NUTRITION OF P. PHOSPHOREUM 

In contrast to the other species studied, most strains of P. phosphoreum did 
not develop readily in the basal medium with a single carbon source. 

Experiments with strain no, 2 

Strain no. 2 was used for a series of investigations which were carried out over 
a two- 3 "ear period. This strain did not propagate in the basal medium with 
either glucose, glycerol, or alanine as carbon source, unless a mixture of amino 
acids was also added. By the process of elimination, it was found that the 
effect of the mixture could be duplicated by the use of a single amino acid: 
dl-methionine. ^Methionine could not be replaced by any other single pure 
compound or any of several hundred combinations tried. 

With glycerol as chief carbon source, distinct turbidity due to bacterial devel- 
opment could be detected when a concentration of methionine corresponding to 
0.2 mg. per liter of culture medium was used. With higher concentrations, 
more growth was obtained, maximum development occurring with from 3 to 
5 mg. per liter. Greater amounts (up to 20 mg. per liter) had neither a more 
favorable nor any unfavorable effect. Approximately the same concentrations 
of methionine were effective with glucose, lactate, succinate, fumarate, or alanine 
as chief carbon sources in place of glycerol. 

It should be pointed out that ordinary samples of leucine, which contain 

1 Synthetic glycerol was kindly furnished by the Shell Development Company. 
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methionine as an impurity, could be used in place of methionine, as well as one 
sample of tryptophane (which theoretically should not be so contaminated). 
However, neither synthetic dl-leucine nor methionine-free 1-leucine, nor other 
samples of tryptophane tested had any activity. An interesting complementary 
effect of leucine and methionine came to light in these experiments. Leucine, 
which, in itself, is apparently unsatisfactory cither as carbon or nitrogen source 
to the organisms, in some manner ‘‘protected’’ methionine, so that the addition 
of 0.01 per cent dl-leucine to the basic medium with glycerol made it possible 
to obtain maximum growth with as little as 0.3 mg. of methionine per liter. 

The following substances could not be substituted for methionine either alone 
or in any combination so far tried: sulfur, sulfide, sulfate, thiosulfate, thiourea, 
thioglycollate, cystine, S-methyl-cysteine, benzyl hemocysteine, homocystine, 
glutathione, thiamine, glycine, alanine, serine, threonine, a amino-n-butyric 
acid, valine, leucine, norleucinc, isoleucine, aspartic acid, asparagine, glutamic 
acid, arginine, tyrosine, phenylalanine, tryptophane, proline, choline, as well as 
a number of organic acids, alcohols, and recognized growth-promoting substances. 

Although the addition of mixtures of amino acids to the medium increased 
the growth rate of the organisms considerably, the same amino acids added 
singly often had a distinctly inhibitory effect. Thus, the addition of 2 mg. of 
homocystine or S-methyl-cysteine per liter of glycerol-methionine medium either 
considerably delayed or completely prevented development, whereas 5 to 10 mg. 
per liter could be easily tolerated if, in addition, a little peptone or a mixture 
of glycine, alanine, leucine and asparagine was added, a amino-n-but 3 Tic acid 
was inhibitory in even lower concentrations unless traces of peptone were present. 

With methionine as accesory factor, glucose, glycerol, lactate, p^wvate, 
succinate, fumarate, alanine, aspartic acid and asparagine were found to be 
satisfactory carbon sources. On the other hand, formate, acetate, nialate, 
glycine and leucine appeared to be unsatisfactory. Cultures developing with 
glucose and, to a lesser degree, with glycerol tend to become acid, and the 
organisms in such cultures show senescence and autolysis sooner than those 
developing with substrates such as organic acids and amino acids, the utilization 
of which usually results in the increased alkalinity of the medium. 

When serial transfers were made in media with certain carbon sources, a 
very long “lag phase” preceding visible development of the bacteria was often 
encountered, even though the organisms were transferred to the same medium 
in which they had propagated. Indeed, occasionally, subcultures failed com- 
pletely, although the bacteria were still luminous and viable in peptone media 
at the time of inoculation. Such behavior of the bacteria was most striking in 
media with pyruvate, lactate and fumarate as chief carbon sources, but was also 
observed in cultures with succinate, aspartic acid, and asparagine. 

The lag period observed in such instances could be greatly reduced or elimi- 
nated if a larger inoculum was used or if a trace of glycerol was added to the 
fresh medium. It was further found that, in the case of cultures grown with 
pyruvate, the introduction together with the inoculum of some of the culture 
medium in which the bacteria had developed, freed of the organisms by centrif- 
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ugation or filtration, had a similar effect to that of using a large inoculum. 
The stimulating factor or factors were absent from the neutral distillate of such 
a medium but could be recovered in the steam-volatile acid fraction as well 
as in the residue after steam distillation. Since formic, acetic, lactic and 
succinic acids were found to be among the products of fermentation by P. 
phosphoreum, these compounds were tested for growth -promoting activity. 
Indeed, the addition of 0.002 per cent of sodium formate, acetate, lactate, 
succinate, or fumarate hastened development with pyruvic acid as chief carbon 
source. Varying the CO 2 partial pressure by the addition of bicarbonate to the 
medium, of CO 2 to the gas phase, or both, did not seem to affect the growth. 
With lactate as chief carbon source, fumaric, succinic and aspartic acids exhibited 
growth-stimulating properties, although not as marked as those of glycerol. 
To a lesser degree, pyruvic, lactic, formic, acetic, and aspartic acids stimulated 
development in a fumarate-containing medium. 

Experiments with eight similar strains 

Eight other strains of P. phosphoreum, tested for their ability to grow on 
S 3 mthetic media with and without methionine after more or less prolonged 
cultivation on peptone-glycerol agar, developed in the presence, but not in the 
absence of methionine. On first transfer to synthetic media, two of these 
developed with alanine and methionine but not with glycerol and methionine, 
two others grew in the latter but not in the former medium, while the other 
four dcv(‘loped with either carbon source supplemented with methionine. After 
developing in a sjmthetic medium, all strains were found to be capable of using 
both alanine and glycerol as chief carbon sources, but still unable to grow in 
methionine-free medium. 


Experiments with strain no. 12 

In contrast to the previously" discussed strains, strain no. 12, a particularly 
hardy" and rapidly growing culture of P. phosphoreum, was found to be capable 
of developing without methionine in the basal medium with glucose, glycerol, 
or alanine as sole carbon sources. However, in the first transfers to synthetic 
medium, methionine had a strikingly stimulating effect, which became somewhat 
less pronounced after prolonged cultivation in methionine-free media. With 
glucose as carbon source, it could be shown that transfers made from the loga- 
rithmic or the very early stationary" phases of development were less affected 
by methionine than those made from the later stationary" phase. In fact, if 
the transfers were made at a properly selected time, the organisms did not 
develop at all without added methionine, while as little as 0.1 mg. of this sub- 
stance per liter was sufficient to initiate growth. Transfers made from the 
senescent phase could no longer develop in media with methionine unless peptone 
was also added. 

An unexpected observation was made with one of the cultures of this strain 
that had been grown for some time with alanine as sole carbon source. Methio- 
nine, added to the alanine medium, was in some cases inhibitory to development 
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in the same concentrations in which it exerted a stimulating effect on the same 
culture transferred to media with glycerol or glucose. This inhibitory effect, 
demonstrated by a prolonged lag phase, was noted only if the transfers were 
made during the logarithmic phase or before maximum development had been 
reached and not in the case of transfers made from older cultures. 

Experiments with the Delft strain 

In the first attempts to cultivate the ‘^Delft strain’’ of P, phosphoreum, in 
synthetic media, good growth was obtained in the basal medium with either 
glucose or glycerol (but not with alanine) as chief carbon source, provided 
methionine was also added. From such cultures, the organisms could be trans- 
ferred to the alanine-methionine medium, in which the bacteria propagated 
readily. Attempts to cultivate the organisms in methionine-free media were 
generally unsuccessful, with a few interesting exceptions. As a rule, the amount 
of growth was found to depend on the concentration of methionine in a manner 
similar to that observed with strain no. 2. Also, as with strain no. 2, cystine, 
S-methyl-cysteine, glycine, alanine, leucine, asparagine, proline, choline and, in 
addition, creatine could not replace methionine. Howwer, homocystine, which 
was apparently unsuitable to the other strain, was found to be a good substitute 
for methionine with the Delft strain, provided the bacteria werp first allowed to 
grow in the basal medium containing glucose and both methionine and homo- 
cystine. Surprisingly, it was found that from the media in which homocystine 
was used in place of methionine, the bacteria could now be transferred to media 
containing glucose or glycerol alone, and could be cultivated indefinitely in such 
media without any accessory growth factors. The first transfers from homo- 
cystine-containing to homocystine-free media sometimes gave rise to imperfectly 
developing cultures, which showed but slight turbidity followed by rapid autoly- 
sis. However, transfers to the same medium from such abortive cultures at the 
peak of their development gave rise to vigorously growing sub-cultures. It must 
be added that after several unsuccessful attempts a single culture requiring no 
accessory factors was also obtained by heavily seeding a methionine-free medium 
containing alanine with bacteria from an alanine-methionine culture which had 
not yet reached the stationary phase of development. Growth was very slow 
at first, but after several transfers the rate of development increased. It there- 
fore seems probable that cells not requiring any accessory factors occur occasion- 
ally in all cultures of the bacterium. A conceivable explanation for the “wean- 
ing” of the bacteria from accessory growth factors by the intermediate substitu- 
tion of homocystine for methionine could be offered on the assumption that the 
latter compound serves several purposes to the organisms, not all of which 
(e.g., source of methyl group) can be served by the former. An “adaptation” 
of the culture either through “acclimatization” of the cells or the selection of 
those least dependent on methionine might thus have been accomplished by 
cultivation in a partially deficient medium. 

The cultures “adapted” to growth without accessory factors were benefited 
by the addition of methionine or homocystine. As with strain no. 12, the 
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pirowth-promoting effect of methionine was most pronounced if transfers were 
made from cultures in the stationary phase of development. 

It her(^ s(‘(Tns appropriate, although not altogether pleasant, to record some 
lurth(M’ observations on th(‘ somewhat paradoxical behavior of some cultures of 
this strain undei* certain conditions, which at i)resent se(mi furtln^r to confuse 
the aln^ady somewhat complex picture of the growth requirements of the 
speci(\s. 

Although th(^ “Dellt strain’’ could tolerate considerably higher concentrations 
e)f he)ineje*ystine» than strain ne). 2, amemnts greater than 5 mg. per liter of gluceise 
medhie)nine‘ me‘elium we*re fenind to be‘ semiewhat inhibitory to its deve‘le)pment. 
A “elete)xificatie)n” similar te) that observed with strain no. 2 aiitl a marke^d 
ine're^ase in the^ rate‘ e)f gre)wth ce)ulel be ae*ce)mplishe»d by adding a mixture of 
small aine)unts e)f glye'ine, alanine, le‘ue*ine, asparagine anel proline*. He)wewe*r, 
aftei* the* e)rganisms had becemie* accusteuneel to he)me)cystine* and this e*e)mpound 
was substitute*el fe)r me‘thie)nine as the ae*ce*ssory factor, the same mixture of 
amine) aciels e*xhibit(*d a sejiiunvhat regarding action on growth in glucose- 
he)me)e*ystine meelium. 

As state*el e*arlie*i‘, eve*n after the^ “aelaptatie)n” e>f cultures to an existence in 
an e*nvironinent e*e)ntaining ne‘ither me‘thie)nine ne)r homoe*vstine, the* addition 
of the‘se e'ompouiids stiniulate*(l th(‘ir gre)wth. S(*e*mingly ane)malous re‘sults, 
howe‘ver, W(‘re oe'e-asionally obtainf‘el in e‘\pe‘rime*nts in whie*h the e*ffe*ct of diffe*re*nt 
e*e)ne*e*nt rat ions e)f me'thionine* e)n the* ele*vele)pme*nt of such e*ulture*s was te\ste*d. 
Without ad(le*(l ine*tlnonine*, the* culture*s grenv se)mewhat more sle)wly, but te) as 
giuat an e‘xtent as those* re*ce*iving 3 te) 5 mg. e)f methie)nine* pe*!* liter. Those, 
lie)W(*\'e*r, (le‘ve*le)ping with le)W’ ce)ne*e*ntratie)ns of nie*thie)nine (0.1 0.5 mg. per 
lite*r) gre*w rapielly at first, but showe*d ce)nsiele*rably le*ss turbielity at the peak 
e)f (le*ve*le)pnie*nt , the* magnitude* e)f the* maxinium ere)}) el(q)e*nding e)n the ce)n- 
e*(‘nt ration of the* ae*e*e*ssory factor. Althe)ugh usually the* bacteria unele*rw’e*nt a 
iMthe*r rai)iel autolysis afte*r the* stationary phase* was re*ae*he*el, e)n e)ne e)ccasie)n 
a ra|)iel but slight de*ve*lo])ine*nt in a methie)nine*-|)e)e)r ine*elium was folle)we*el at 
first by the* usual statie)nary |)ha.se* anel j)artial aute)lysis, anel the*n by a se*ce)ne.l 
])(*rioel of g]e)W’th, le‘aeling te) turbielity as he*avy as that e)btaine*el in e*ultures 
un(le*r o|)tiinal e*e)nelitie)ns. Twe) |)e).s.sible‘ inte*r])re‘tatie)ns e)f the* }x*culiar re*s|)e)nse 
of the* bacte*ria to low’ ce)ne*e*ntratie)ns e)f me*thionine, which se*e*ms te) e*e)ntrovert 
the* ge‘ne*ral be‘lie*f that half a le)af is be*tte*r than ne) bre*ael at all, may be* sug- 
ge*ste‘el' a) The* adelitiein of small ame)unts e)f methie)nine* te) the* me*elium may 
re*sult in the* |)re*fe*re*ntial })re)j)agatie)n e)f e*e*lls incai)able* e)f growing W’ithe)ut this 
fae*te)r anel a subse*eiue'nt change* in the* e*xternal e‘nvironment due* to the* elewedei])- 
ment e)f such ce*lls, which, in turn, inhibits the* multijilicatmu of the>se* e*e*lls for 
whie*h me*thie)nine* is unne*e*e*ssary; e)r, more* j)re)bably, b) The* ine*re*ase*el rate* e)f 
ele*ve*le)j)me*nt in a me*dium ce)ntaining little* m(*thie)nine‘ le‘aels te) the* e*xhaustie)n 
e)r ele*strue*tie)n of se)me‘ inte*rnal merhanism in the* e*e*lls which is ne‘e*e*ssary fe)r 
|)i‘o|)agatie)n in the* abse*nce* of the* ae*e*e*ssory facte)r. The^ lae*k e)f sufficient 
me*thie)nine*, i)e)ssibly e*e)U})le*el with se)me* e*xternal change's bre)ught abe)ut by the 
ele*ve*le)i)me*nt e)f the* e*ulture*, may the*n be*e*e)me limiting te) gre)W’th. Se)me*wiiat 
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in contradiction to either of the above hypotheses was the result of a single 
experiment, in which a culture which had been adapted to growth without 
methionine was allowed to develop in the presence of a sufficient amount of this 
substance to })ermit maximum growth, and then transferred back to methionine- 
free medium, wherein profuse growth was observed. 

DISCUSSION 

In vi('vv of the demonstrated ability of at least som(» strains of all of th(^ lumi- 
nous bacteria studied to grow in synthetic media with a single (carbon source*, 
the distinction made by Beijerinck (1910) between types reepiiring peptone and 
those* ree|iiiring both f)eptone* and carbohydrate* Ie)se*s me)st e)f its signifie*ane*e*. 
At first, a e*k*ar-cut physie)logical elifferentiatiem of P. phosphorrurn fi‘e)m the 
e)tlu*r spe*cies studied s(*e*m(*d possil)le em the basis of its r(*eiuii‘(*ments tor me*thie)- 
nine, but the case*s e)f adaptatiem e)f semie strains to ineelia without this ce)mpe)unel 
have* made cle*ar the* illuse)ry nature* of such ciiteria. The elange*r e)f re*lying eai 
nutritional reeiuirements fe)r the idenitificatiem e>f sjiecies was clearly she)wn by 
the many cases e)f “adai)tation” e)f various strains to ditfe*rent substrate's. 

The* experiments em the role e)f me*thiemine e*ertainly ele) ne)t clarify the fune'tie)n 
e)f this cornpenuid in the me*tabolism e)f P. phosphorcimiy anel it se*ems likely that 
methie)nine may serve me)re than erne purpose* to the* organisms. (Fe)r kne)wn 
functions, see Teamnis, 1937; White, 19tl; Le*wis, 1941; also Harris and Ke)hn, 
19tl.) It s(*e*ms clear that- ce)mple*x me*dia are* pre*ferre*d by this spe‘ci(*s to tliose* 
in which the minimum re‘quirenK*nts are just satisfie*el, since* the* aelditie)n e)f a 
variety of n()n-e*sse^ntial substances se*rve*s ne)t e)nly to hasten ele*ve‘l()pment, but 
in some w^ay to counte*ract the* inhibite)ry ae*tion e)f com])oun(ls which are* toxic 
when aeiele*d singly, (kiltuios growing in the* sim]>le*st me*dia may, the*re*fore‘, be* 
t benight eif as artifacts; anel the* re*markable aelaptability of the* eirganisms, 
ce)uple*el with the*ir se*nsitivity to e*xte*rnal e*nvironmc*iital factors le‘aels tei the* 
te*ntative cejnclusiem that e^ach separate e*ulture* may be* re*garde(l as a ele*lie*ate‘l\^ 
balance*el system of living cells and their envire)nme*nt, e*ach in a e'onst-ant state* 
of change and flux. As a furthe*r e*xample* of the* chang(*s in nutritional re*e|uir(*- 
ments of one* of the strains of P. phosphoreum useel in th(‘se stuelie*s, it ne*e*d einly 
be recalleel that dissoe4ate*s apparently unable to synthesize ribe)fla\’in we*re* 
e)btaine*d in jireviejus expe*rinients, as we*ll as “atavistic” bae*k-elissociate*s freim 
sue4i deficiemt variants (Doude)rofT 1938). 

T wish te) thank Profe*sse)r C. L. A. Sedimidt anel Dr. II. Tarve*r eif the* I)e*])art- 
me*nt of Bie)ch(nnistry for the*ir generous advice anei gifts of certain amine) ae*ids 
used in th(*se studie)s. 


SUMMARY 

1. Phoiohacierium fischeri, P. splcndidum, P. sepiaCy and Achrornobactrr 
harveyi we*re found te) be capable of devele)ping in inorganic me*elia with simi)le* 
organic compounds as the* sole* carbon source, while* most strains e)f Photohacirrium 
phosphorc/um did not grow unle^ss methionine was added as an accesse)ry fae*te)r. 

2. In experiments with one strain of P. phosphoreuniy no compound e)r ce)mbi- 
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nation of compounds tried could replace methionine. Among the ten other 
strains testc^d, oiu^ was found for which no accessory factor whatso(‘ver was 
oss(*ntial, although m(*thioninc had a grow^th -promoting effect. Ckiltures of 
another strain studied could be ‘leaned” from methionine to accept homocystine 
as substitute, or even to develop in the absence of any accessory factor. 

3. The complementary action of leucine and methionine, the “detoxification” 
of media to which certain inhibitory compounds were added by the addition of 
other compounds, and the stimulating effect of a variety of substances on the 
initiation of growth in (‘citain media were of)served in the studies with P. 
phosphoreimi . 

4. Seemingly anomalous effects of methionine and of mixtui*es of amino 
acids on growi-h, and the occurrence of “abortive” cultures were occasionally 
observ(‘d und(»r certain conditions. 

5. It WT)uld s(‘em that a gr(‘at many factors, including th(» previous history 
of the bacteria and th(‘ changes in both the organisms and their (Tivironment 
r(‘sulting from their growth play an important part in determining the course 
of development, of each culture. 
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In view of the fact that all of the strains of luminous bacteria used in the 
present series of investigations (Doudoroff, 1942) were found to be capable of 
developing anaerobically in suitable media, it seemed desirable to study the 
fermentative dissimilations carried out by these organisms, in the hope of con- 
tributing to a better understanding of this group of bacteria from the physio- 
logical, taxonomic and ecological points of view. The problem seemed to be of 
particular interest because the luminous bacteria are morphologically related to 
a number of facultative anaerobes unquestionably belonging to the family 
Pseudomonadaceae, and at present scattered through the genera PseudomonaSy 
PhytomonaSy Flavobacteriumy and Achromobeteter, The literature offers little in- 
formation on the types of anaerobic metabolism to be found in such polarly 
flagellated organisms beyond the routine observations on acid and gas produc- 
tion with various carbohydrate substrates. 

EXPERIMENTAL 

Glucose was a satisfactory fermentable substrate for the growth of all the 
species studied in peptone-containing media under anaerobic conditions. The 
anaerobic development of Photobacterium phosphoreum and Photobacterium 
fischeri was poor in peptone media without sugar; Photobacterium splendidumy 
Photobacterium sepiaCy and Achromobacter harveyi grew somewhat better, but 
still to a considerably lesser extent than with glucose. The addition of glycerol 
to peptone media did not increase the development of any of the species. 

In glucose-peptone medium (consisting of m/ 30 Sorensen KH 2 P 04 -Na 2 HP 04 
buffer at pH 7.2 or 7.5 with 3% NaCl, 1% Bacto-Peptone and 0.5-1 .0% glucose 
by weight) all strains produced acid, usually lowering the pH value to about 5.5, 
and only one species, P, phosphoreum, produced visible gas. Upon analysis of 
the products of feimentation, it appeared that except for minor differences, all of 
the species showed essentially the same type of sugar dissimilation, similar to the 
“mixed acid’’ fermentations characteristic of the Enterobacteriaceae. The 
principal products found were formic, acetic, lactic and succinic acids, ethyl al- 
cohol, CO 2 , and, in the case of P. phosphoreumy hydrogen. 

Quantitative or semi-quantitative determinations of the products of fermenta- 
tion were made with growing cultures of three strains of P. phosphoreum (Strains 
i^2y ^ 12, “Delft Strain”) and with all of the other species under investigation. 
Sugar determinations were made with the ferricyanide reduction method de- 
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scribed by Hassid (1937). None of the major products of dissimilation were 
found to interfere with such determinations. Alcohol was distilled from the 
neutralized culture medium, redistilled with alkaline HgO (Friedman and Klaas, 
1932) and quantitatively estimated by the reduction of acid dichromate. It was 
identified after oxidation to acetic acid (Duclaux distillation and sodium uranyl 
acetate). The organic acids were extracted from the culture medium after treat- 
ihent with tungstic acid by liquid ether extraction and then separated into the 
steam- volatile and non-volatile fractions. Formic acid was identified micro- 
chemically as the cerous or lead salt and its amount computed from the weight 
of calomel formed by reduction of HgCb. Acetic acid was recognized as sodium 
uranyl acetate and estimated by subtraction of the amount of formic acid from 
the total volatile acid value. The correctness of the ratio so obtained was 
checked by Duclaux distillation of the volatile acid fraction. Lactic acid was 
identified microchemically as zinc lactate or by decomposition to acetaldehyde. 
Its quantity was determined by the method of Hartmann and Hillig (1933). 
Succinic acid was qualitatively and quantitatively determined by the use of 
succinic dehydrogenase preparations in a Warburg respirometer. Hydrogen was 
identified by quantitative combustion and both hydrogen and CO 2 were de- 
termined as free and dissolved gases with the help of the Van Slyke apparatus. 
Acetylmethylcarbinol was recognized through various modifications of the 
Voges-Proskauer test, carried out with distillates of the culture medium boiled 
with FeCU. 2,3-butylene glycol was identified and determined by the method 
of Kniphorst and Kruisheer (1937) with special precautions to avoid possible 
errors due to the presence of acetylmethylcarbinol.^ 

Fermentation of glucose by P.fischeriy P, splendidum, P. sepiae and A. hareyi 

In glucose-peptone medium, the strains tested produced chiefly formic and 
acetic acids and ethyl alcohol. All produced some succinic acid as well as small 
amounts of CO 2 . The principal difference observed among the various species 
appeared to be in the relative amounts of lactic acid formed. P. fischeri pro- 
duced lactic acid in appreciable quantities, P. harveyi formed less, while P. 
splendidum and P. sepiae produced very little, if anj^ from sugar. Minute 
amounts of acetylmethylcarbinol could be detected in cultures of P. fischeri and 
P. splendidum, and slight traces with the other species, but no 2,3-butylene 
glycol was ever found among the products of fermentation, nor was hydrogen 
ever detected. 

A fermentation balance obtained in an experiment with P. fischeri is presented 
in table 1. In the first column the figures represent the amounts of the various 
products of fermentation corrected only for blank determinations made with the 
uninoculated medium. In the second column, the quantities have been further 
corrected by subtraction of values obtained in a parallel experiment, in which the 
bacteria were allowed to grow in the peptone medium without added sugar. 

^ I wish to thank Mr. J. R. Gilliland for his kind cooperation in making the determina- 
tions of 2,3-butylene glycol, and in establishing the validity of the tests in the presence of 
the various constituents of the fermentation mixtures. 
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Carbon and ‘‘available hydrogen” balances based on the determinations (Barker, 
1936) are included, as are the ratios of one-carbon to two-carbon derivatives 
found among the dissimilation products. In view of the generally accepted 
scheme for the formation of Ci and C 2 compounds in sugar fermentation by the 
cleavage of three-carbon intermediates, the ratio of their derivatives serves as a 
valuable index to the validity of fermentation balances by comparison with the 
theoretical value of 1.0. Formic acid and CO 2 are the chief Ci end products, 

TABLE 1 


Products of glucose dissimilation by P.fischeri and P. phosphoreum in glucose-peptone medium 
Quantities of glucose utilized and of products recovered given in millimols, per 75 ml. 
of culture medium. 



P. IISCHERI* 

P. PHOSPHOREUMf 

A 

B 

A 

B 

Glucose utilized 

0 850 

0.850 

0.694 

0.694 

Found : 





Hydrogen. . . 

0.00 

0 00 

0 380 

0.380 

CO 2 

0 094 

0.077 

0.510 

0.334 

Formic acid 

0.840 

0.825 

0.662 

0.650 

Acetic acid 

0.602 

0.484 

0.428 

0.304 

Ethyl alcohol 

0.540 

0.540 

0.560 

0.560 

Lactic acid 

0 565 

0.482 

0.480 

0.285 

Succinic acid I 

0.084 

0.062 

0.062 

0.042 

Acetylmethylcarbinol 

Trace 

Trace 

Trace 

Trace 

2,3-butylene glycol 

0.000 

0.000 

0.004 

0.004 

Carbon recovered 

103.3% 

91.1% 

113 6% 

90.1% 

Available hydrogen recovered 

102.6% 

91.4% 

111.3% 

89.7% 

Ratio C 1 /C 2 derivatives! 

0 82 

0.88 

1.24 

, 1.18 


Column A — amounts of fermentation products, corrected by subtraction of values ob- 
tained with uninoculated medium. 

Column B — same, corrected by subtraction of values obtained with bacterial cultures in 
sugar-free medium. 

* Medium initially at pH 7.5, containing 0.76% glucose. 

t Medium initially at pH 7.2, containing 0.5% glucose. 

X 2,3-butylene glycol included with 2-carbon compounds; succinic acid with one-carbon 
derivatives (see text). 

while alcohol and acetic acid are the principal C 2 compounds. For the computa- 
tion of C 1 /C 2 ratio, succinic acid has been included with the Ci derivatives in 
view of the accumulating evidence for the formation of succinic acid through the 
reduction of CO 2 and its addition to a three-carbon compound (Wood, C. W., 
1941). That succinic acid may be produced in a similar manner b}^ luminous 
bacteria is indicated by experimental findings with P. 'phosphoreum to be dis- 
cussed further. 
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The small amounts of the products recovered make it difficult to place too 
much emphasis on the carbon and hydrogen balances, especially because of the 
large amount of peptone in the medium, which not only necessitated substantial 
corrections in some of the determinations, but made it impossible to conclude 
just how much of the products recovered had actually originated from the sugar. 
Small amounts of unidentified non-volatile acid were produced in media with, as 
well as without, sugar. From comparison of the values corrected for metabolites 
produced in sugar-free peptone medium (Column B) with those not so corrected 
(Column A) it would seem that the former give a slightly better agreement, but 
that the corrections are, most probably, justified only in part, or for some of the 
compounds rather than others. The good agreement of the carbon with the 
hydrogen balance may be more or less fortuitous, especially since unidentified 
products were certainly formed, and since the C 1 /C 2 ratio was at best below 0.9. 

In fermentations with P. splendidum^ P. sepiae and A. harveyi, which grow to 
a somewhat greater extent without sugar, greater amounts of unidentified acidic 
products occurred, and it was even more difficult to decide how much of the 
recognized compounds arose from the dissimilation of sugar. Thus, the very 
small quantities of lactic acid produced by P. sepiae and P. splendidum in the 
presence of glucose were almost matched by the amounts formed in sugar-free 
peptone medium. Further experiments with resting cells, or with the use of 
synthetic media, may well be worth while for the elucidation of this problem. 

Fermentations with P. phosphoreum 

Fermentation of glucose. In addition to the compounds occurring in the 
anaerobic dissimilation of sugar by P. fischeri, hydrogen was produced by all the 
available strains of P. phosphoreum. It appeared only after the cultures were al- 
lowed to develop for some time and an appreciable amount of formic acid had 
accumulated. CO 2 appeared in relatively greater quantities than with P. 
fischeri. Some, though apparently not all, strains produced minute amounts of 
2,3-butylene glycol; this compound seemed to appear in the later stages of fer- 
mentation, recalling the interesting observations by Mickelson and Workman 
(1938), and Silverman and Workman (1941) on the influence of the reaction of the 
culture medium on the production of acetylmethylcarbinol by Aerobacter. 

Fermentation balances obtained with Strain growing anaerobically in a 
glucose-peptone medium are presented in Table I. As with P. fischeri, subtrac- 
tion of values obtained in cultures without glucose from the quantities of fer- 
mentation products recovered gives more reasonable balances, but the same un- 
certainty as to the validity of the corrections remains. The ratio of one-carbon 
to two-carbon derivatives is rather high, being in the neighborhood of 1.2. In 
the computation, 2,3-butylene glycol was treated as a C 2 , and succinic acid as a 
Cl derivative. Although the inclusion of succinic acid with the C 2 rather than 
with the Cl derivatives would reduce the ratio to less than 1.1, this did not seem 
justified in view of the considerations set forth earlier and of experiments with 
resting cell suspensions to be reported further. It must be remembered that the 
dissimilation of the other constituents of the medium may be so altered by the 
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presence of sugar as to make the corrections applied to the analyses of the fer- 
mentation mixture too high or too low. Thus, if less acetic and more formic acid 
were produced from peptone in the presence than in the absence of glucose, the 
C1/C2 ratio would be materially reduced. 

Some experiments were carried out with washed resting cells harvested from 
young cultures grown under semi-aerobic conditions in peptone-glycerol medium, 
the Warburg manometric technique being employed for the measurement of acid 
and gas production. Suspensions in phosphate buffers in a nitrogen atmosphere 
and in bicarbonate solutions with nitrogen and CO2 in the gas phase were allowed 
to ferment known quantities of sugar to completion. Small amounts of CO2 
were produced as well as from 2 ^ to equivalents of acid per mol of glucose 
under such conditions. The CO2 production was greatest in the early stages of 
the fermentation, decreasing or disappearing later. In fact, on several occasions, 
there was some evidence of a disappearance of minute amounts of CO2 from the 
system in the later stages. No hydrogen production was observed in these ex- 
periments, possibly due to the small quantity of sugar decomposed. 

Partial analysis of a sugar fermentation by washed resting cells in phosphate- 
free bicarbonate medium gave no evidence of the presence of lactic acid, but 
showed considerable amounts of succinic, as well as formic acids. This suggests 
that succinic acid may arise in place of lactic acid, possibly through the reduction 
of COo. (Wood ct al. 1941 ). It was hoped that the addition of CaCOs to the 
m(‘diiim in which cultures were allowed to develop would, in the same manner, 
favor the ])roduction of succinic acid, but an experiment to test this possibility 
failed to show any significant difference in the course of sugar dissimilation with 
and without C'aCOs, except for a slight inhibition of development and fermenta- 
tion by the added chalk. 


Decomposition of formic acid 

Although it seems almost certain that formic h3"drogenlyase is responsible for 
the formation of h.ydrogen and part of the CX)2, its presence was not demon- 
strated hy the usual methods employing resting cell suspensions. This may have 
been due to the giuat difficulty of obtaining active cells. However, the addition 
of small amounts of formate to fermenting anaerobic cultures did lead to a cor- 
responding increase in gas production. 

Decomposition of pyruvic acid 

Formic and acetic acids, CO2, and hydrogen were identified as products of fer- 
mentation of pyruvic acid by growing cells of P. phosphoreum. As might be ex- 
pected, no alcohol w^as found. Traces of acetylmetliAdcarbinol were detected, 
but no attempt was made to determine lactic and succinic, acids. 

Decomposition of alanine and fumaric acid 

Since P. phosphoreum can develop to some extent anaerobically^’ in peptone 
media without any added fermentable substance, and can utilize some amino 
acids (e.g., alanine) as chief carbon sources for aerobic growth, it appeared of in- 
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terest to test for the occurrence of the ‘‘Stickland reaction” with cultures of this 
species. Washed cell suspensions of Strain # 2 were incubated anaerobically in 
Thunberg tubes in the presence of alanine together with some likely organic hy- 
drogen acceptors, and qualitative tests for ammonia were made to determine 
whether a decomposition of alanine or other added amino acids had occurred. 
No ammonia was produced either from alanine alone or in mixtures of alanine 
with glycine, proline, pyruvate, or glucose. However, if alanine and furmarate 
were added together, a considerable evolution of ammonia resulted. It seems 
therefore, that although the classical ''Stickland reaction” was not •carried out 
under these conditions, alanine could be oxidized with fumaric acid acting as hy- 
drogen acceptor, itself probably becoming reduced to succinic acid. Excellent 
anaerobic development could be obtained with fumarate, but not with succinate, 
added to peptone media. It seems probable that fumaric acid can be fermented 
(Barker, 1936) although no analyses were made with cultures so obtained. It is 
also possible that fumarate acts as an oxidizing agent for amino acids present in 
the peptone. 

A utofermentation 

The endogenous fermentation by resting cells could be shown manometrically 
to give rise to acidic products and small amounts of CO 2 . Little if any ammonia 
was liberated, particularly if the cells were taken from young vigorous cultures. 
This may be taken as indirect evidence of the carbohydrate nature of the reserve 
products stored by the cells. 

It is a well-known fact that many of the luminous bacteria produce acid when 
growing in a glycerol-containing medium under aerobic conditions. Aerobic 
development of P. phosphoreum in synthetic medium with glycerol as chief carbon 
source and methionine as nutrilite was accompanied by slight acid production and 
the presence of formic acid could be demonstrated in such cultures. Yet, no acid 
production could be detected in the respiration of glycerol by resting cells in a 
Warburg respirometer, and no fermentation of glycerol by cell suspensions or 
growing cultures was observed. No evidence for a ^‘glycerohydrogenlyase” 
(Nakamura, 1940) was found. Whether the acid production is due to an auto- 
fermentation of reserve products in organisms which find themselves in the de- 
oxygenated deep strata of the medium, or to an incomplete respiration of the 
glycerol to triose, followed by a fermentation of the latter, is impossible to decide 
at present. 

I wish to express my sincere gratitude to Dr. C. B. van Niel of Stanford Uni- 
versity and to Dr. H. A. Barker of the University of California for their kind ad- 
vice and permission to use certain laboratory facilities and equipment. 

SUMMARY AND CONCLUSIONS 

1. All of the facultatively anaerobic species of luminous bacteria investigated 
showed essentially the same general “mixed acid” type of anaerobic sugar dis- 
similation. 

2. Among the products formed were formic, acetic, lactic and succinic acids. 
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alcohol, CO 2 , acetylmethylcarbinol, and, in fermentations with Photobacterium 
phosphoreum, hydrogen and occasionally 2,3-butylene glycol. 

3. Photobacterium fischeri, Photobacterium spleudidum, Photobacterium sepiaCj 
and Achromobacter harveyi produced no hydrogen, and differed among themselves 
mainly in the extent of lactic acid production. 

4. Some experiments with washed cell suspensions and growing cultures of 
P. phosphoreum, dealing with the anaerobic metabolism of glucose, formic, and 
pyruvic acids and alanine in the presence of fumaric acid are discussed. 
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Of the bacterial antagonists thus far known to be produced by microorganisms, 
the most effective in bactericidal action against Brucella abortus is the culture 
filtrate from a strain of Penicillium notatum (Kocholaty, 1942). Another anti- 
bacterial substance, penicillin, also obtained from a culture of a strain of PeniciU 
Hum notatum, but with very little potency against Brucella abortus, has been 
obtained and purified by a group of British workers (Abraham, Chain, Fletcher, 
Florey, Gardner, Heatley, and Jennings, 1941). 

The work reported here deals chiefly with the cultural habits of a certain 
strain of Penicillium notatum with special regard to the production of an anti- 
bacterial substance against Brucella abortus. Distinction is drawn between 
penicillin and the antibacterial substance active against Brucella abortus, because 
the evidence thus far indicates that those two are not identical. As compared 
to previous results, it has been possible to increase the production of the anti- 
bacterial substance of the mold by about 10 times, so that 0.01 ml. of the crude 
culture filtrate, added to 10 ml. of tryptose agar will either strongly inhibit or 
completely suppress the growth of Brucella abortus. In addition to this the 
influence of different media, temperature, vitamins, heavy metal salts, etc., 
will be discussed. 

Five different strains of Penicillium noMum, here called PEN 1, 2, 3, 4, 5, 
have been investigated; all strains with the exception of PEN 4^ were obtained 
from Dr. S. A. Waksman’s collection.^ 

Cultivation of those five strains on different solid media shows slight divergen- 
cies in growth, pigment and spore formation, etc.; on liquid media, all 5 strains 
show different production of antibacterial substances, PEN 2 being the most 
active in this respect, followed b}^ PEN 6 and then PEN 4. Those three strains 
also showed distinctly the secretion of tivo different antibacterial substances. 
The other strains, producing less antibacterial substance, were not further inves- 
tigated. Most of the experiments were carried out with PEN 2. 

^ This investigation is supported by the Thomas H. Dougherty, Jr. Fellowship in Re- 
search in Brucellosis Fund. 

* Thanks are due to the Merck Company, Rahway, N. J., for this strain, which is a 
transfer of the strain the British workers were using in the preparation of penicillin. 

* The writer is greatly indebted to Dr. S. A. Waksman for obtaining those strains, and 
also for the test organisms used in this work. 
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EXPERIMENTAL 

Before discussing the influence of different factors upon growth and production 
of antibacterial substances, a few procedures, standardized for the sake of 
uniformity of results, are mentioned. 

Inoculation, The mold is grown on glucose agar slants for 6 days at 28®. 
After this time spore formation is abundant. The spores are scraped off and 
suspended in about 8 ml. of saline, 1 ml. being used for the inoculation of a 
volume of about 70 ml. of medium, thus always insuring heavy growth, which 
results in a complete pellicle within 48 hours at 28®. 

Incubation^ growth^ production of antibacterial substance. As compared with 
the temperature of 24®, used by the British workers, the incubation of PEN 2 
was carried out at 28®, which in our experience gave the best results. Under 
those conditions an almost constant level of production of the antibacterial 
substance is reached around the fifth to sixth day at a pH of 3.5 to 4.0, using the 
modified Czapek-Dox medium, without addition of yeast extract or other 
vitamin source. After this time there are only slight changes in the activity 
of the filtrate. After about 10 days of incubation, at which a pH of about 7 
is reached, the activity drops sharply and is practically at zero two days later; 
the pH at this time is approximately 8 or slightly greater. Pigment, spore 
formation, color of pellicle, etc., were found to be influenced by slight changes 
in the composition or sterilization of the medium and can therefore not be relied 
upon as characteristics. These features will be discussed in the respective 
sections. 

Harvesting, At determined intervals, usually daily, the contents of 2 to 3 
Erlenmeyer flasks were combined, in order to increase uniformity of result, and 
the antibacterial values of the crude culture filtrate were determined. 

Medium, If not otherwise stated the medium was the modified Czapek- 
Dox medium, as suggested first by Clutterbuck, Lovell, and Raistrick, (1932). 
The depth of the medium was 17-20 mm. 

The antibacterial test. In preference to the test in liquid medium or the assay 
method of the British workers, both of which are too awkward if many organisms 
have to be tested at short interv^als, the streak test on solid media was preferred, 
as more economical in that it allows 4 organisms to be tested on the same plate. 
The culture filtrate of the mold, containing the antibacterial substance, diluted 
and adjusted if necessary to pH 5-6, was mixed with 10 ml. of tryptose agar. 
The test organisms from a 1- to 2-day culture were suspended in saline and 
streaked out on this medium. Readings were taken after 48 hours at 28® or 
37®, depending on the organism tested. The growth was designated 0, 1, 2, 3; 
0 meaning no growth, 3 full growth similar to control, and 1 and 2 intermediate 
stages of poor and fair growth. 

Investigation of five different strains of Penicillium notatum for production of 
antibacterial substance against different test organisms. The five strains of Peni~ 
cillium notatum were cultivated on the modified Czapek-Dox medium, sterilized 
under pressure. Each day changes in growth, mycelium, pH, production of 
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pigment, and antibacterial substance were noted. The antibacterial value of 
the culture fluid was assayed against 8 test organisms, 4 gram-positive, and 4 
gram-negative, using the plate method as described. 



Fig. 1. Secretion of Antibacterial Substance, Active against Brucella abortus, 
BY Five Different Strains of Penicillium notatum 
Abscissa: Days of incubation of five different strains of Penicillium notatum. 
Ordinate: Points indicate minimum amount of crude culture filtrate (in ml.) — added to 
10 ml. of tryptose agar— sufficient to suppress theffrowth of Brucella abortus (streak test). 



pH SO 4) 4^ as 14 3 4 4 0 4 8 6 0 68 76 


Brucella abortus No ID 

Brucella abortus (freshly isolated, riruleat strain) 
Staphylococcus aureus 
Barcina lutea 
Bacillus subtiliB ' 

Eecheriebia coli, Aerobacter aerogenes 
Bacillus luycoides 


Fig. 2. Production of antibacterial substance during the Growth of PEN 2, as 
Assayed against Different Test Organisms 
Abscissa: Days of incubation of PP)N 2 at 28°; pH of the culture fluid day by day. 
Ordinate: Points indicate minimum amount of crude culture filtrate (in ml.) — added 
to 10 ml. of tryptose agai* — sufficient to suppress the growth of the respective test organism, 
(streak test). 


For obvious reasons not all the results can be published here, but figures 1 
and 2 will suffice to demonstrate the effect. If one tabulates the results in such 
a way that all the values from total suppression to complete growth are expressed 
at correlate intervals, the “cuives” give the minimal amount of crude culture 
fluid in ml. sufficient for complete suppression of the growth of the respective test 
organism in 10 ml. of tryptose agar (streak test). This way of expressing the 
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antibacterial activity of the filtrate will be retained for the other figures to 
follow. (For the sake of uniformity, fractions of ml. are spaced logarithmically.) 

Although 8 different organisms were tested against each of the five strains of 
Penicillium notatum^ day by day, figure 1 shows only the differences of the anti- 
bacterial substances as assayed against Brucella abortus^ United States Bureau 
of Animal Industry, strain 19. Figure 2 gives a complete picture of the produc- 
tion of antibacterial substance by PEN 2 against 8 test organisms. Similar 
results, especiallj" with regard to the relative sensitivity of those test organisms 
were obtained with the other 4 Penicillium strains, except that the absolute 
amount of antibacterial substance secreted by those strains was considerably less. 

Since it was found that PEN 2 surpasses all other strains in the production 
of antibacterial substance, this strain was used for all the experiments reported 
here. It is worth mentioning that PEN 2 and PEN 6 both surpass PEN 4, 
(the strain used by the British workers for the purification of penicillin), in the 
production of antibacterial substance, not only against Brucella abortus, but 
also against Staphylococcus aureus. While all the rest of the strains of Peni- 
cillium notatum look quite similar to each other, especially on liquid medium, 
the pellicle of PEN 2 has an immediately recognizable fluffy appearance, an 
abundance of mycelium formation, strikingly different from the rest; the pel- 
licle exceeds in thickness those of all other strains. 

Influence of sterilization of the medium upon production of antibacterial sub- 
stance, The modified Czapek-Dox medium was sterilized in three different 
ways: 1) 30 minutes under flowing steam for 3 consecutive days; 2) glucose 
was sterilized separately from the salt solution as a 56 per cent solution and added 
after sterilization in corresponding amounts to the salt solution; 3) the whole 
medium was sterilized under pressure. 

The differences between sterilization 1), and 3) are practically negligible with 
regard to differences in the formation of antibacterial substance. Figure 2 
represents the results of methods 1 and 3. If glucose is sterilized separately 
according to method 2), differences are evident, as shown in figure 3. 

Apart from minor changes — shifting of the peak of the production of the 
antibacterial substance for instance — ^the formation and disappearance of an 
antagonistic substance acting against Escherichia coli and Aerobacter aerogenes — 
but not acting against Brucella abortus — ^is most striking. While on the fifth 
day of growth an amount of 0.05 to 0.1 ml. of the culture fluid wall suppress the 
growth of Escherichia coli, Aerobacter aerogenes. Staphylococcus aureus or Brucella 
abortus, 4 days later even 100-200 times the amount capable of suppressing 
the growth of Brucella abortus or Staphylococcus aureus is insufficient to cause 
even a slight inhibition of Escherichia coli or Aerobacter aerogenes. This fact 
is only to be explained by the formation of two different antibacterial substances, 
influenced by the detail of sterilizing the glucose separate from the salts. 

Apart from this, other changes are apparent. The pigment production of 
the medium sterilized under pressure or especially with flowing steam is rather 
meager, and in color a light yellow-green, becoming darker only in the latest 
stages of growth, in which the antibacterial substance disappears; in contrast 
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the pigment production after sterilizing glucose separately is on the fourth day 
a faint orange, becoming almost brown at the peak of the production of anti- 
bacterial substance. The under side of the mycelium if the medium is sterilized 
with flowing steam or under pressure is first white, in the latter stages brownish; 
if sterilized according to method 2) it is bright yellow-green. 

This difiference in the production and activity of antibacterial substance 
against Escherichia coli and Aerobacter aerogenes was also possible to demonstrate 
on strains PEN 4 and PEN 6 to a somewhat lesser extent; the remainder of the 
strains showed too little antibacterial activity to make such changes detectable. 

Influence of heavy metal salts. Substituting for the 10 mg of FeS 04 - 7 H 20 
per liter in the modified Czapek-Dox medium equivalent amounts of the sul- 
fates of Zn, Cu, and Mn, the results obtained are represented in figure 4 against 
Brucella abortus as test organism. Also tested were Staphylococcus aureus. 



Fig. 3. The Production of Antibacterial Substance by PEN 2 after Sterilizing 

THE Glucose Separately 

Abscissa: Days of incubation of PEN 2 at 28°; pH of the culture fluid day by day. 

Ordinate: Points indicate minimum amount of crude culture filtrate (in ml.) — added to 
10 ml. of tryptose agar — sufficient to suppress the growth of the respective test organisms, 
(streak test). 

Sarcina lutca, and Escherichia coli, the relative sensitivity of all of them remain- 
ing unchanged. The addition of Zn diminished the secretion of antibacterial 
substance as compared with Fe, but the growth of the mold was superior in 
its development and heaviness of pellicle as compared with Fc. In contrast 
to this, the addition of Cu resulted in a very meager growth, resembling in its 
appearance very much the growth which is obtained when the mold is grown 
on a slant at 37®. No regular pellicle w’as formed, only spots of mycelium on 
the surface and rim of the vessel were obtained, presenting a “crowded*’ white 
growth of brittle mycelium at best covering only 10 to 20 per cent of the avail- 
able surface area. In relation to this meager growth the production of anti- 
bacterial substance seems rather high. 

The influence of Mn ions is outstanding; Mn not only replaces but surpasses 
Fe in increasing heaviness of growth and production of antibacterial substance. 
At the peak of the secretion of antibacterial substance, 0.005 ml. of the crude 
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culture filtrate was able to suppress the growth of Brucella abortus or Staphylo- 
coccus aureus and 0.001 ml. was sufficient to suppress the growth of Sarcina lutea 
(the most sensitive test organism used), in 10 ml. of tryptose agar. 

Temperature, growth and production of antibacterial substance, Clutterbuck, 
Lovell, and Raistrick (1932) grew the mold at 25°, the other British workers 
(1941) at 24°, while here the temperature of 28° was used exclusively. The 
finding of Fleming (1929) that the mold will grow at 37° was confirmed (with 
PEN 2) ; the mold will cover within 14 days a Czapek-Dox agar slant, (very much 
less growth is obtained on glucose agar slant), with a crowded brittle growth 
similar to that obtained by substitution of Cu for Fe in the liquid medium at 28°. 
Slow growth is also obtained at refrigerator temperature, a Czapek-Dox slant 
being covered within 14 days with a fluffy white growth. If a flask of a mold 



Fig. 4. Influence of Different Heavy Metal Salts upon Production 
OF Antibacterial Substance by PEN 2 

Abscissa: Days of incubation of PEN 2 at 28®. 

Ordinate: Points indicate minimum amount of crude culture filtrate (in ml.) — added 
to 10 ml. of tryptose agar — sufficient to suppress the growth of Brucella abortics (streak test) . 

culture on liquid medium after reaching its peak in the production of anti- 
bacterial substance is placed in the refrigerator, it is found after some days that 
the activity of the antibacterial substance is increased. Whether this increase 
is due to some slight additional growth, or to the diffusion of active material 
from the pellicle into the culture fluid was not investigated. 

Certain signs, however, speak for the possibility that conditions optimal for 
growth are not necessarily optimal for production of penicillin; (see for instance 
the influence of Zn, Cu). In one instance the mold was grown at room tempera- 
ture, (about 20°). Although the pellicle formed was thin and the growth re- 
tarded for a longer period of time, the amount of production of antibacterial 
substance was about the same as if the mold were incubated at 28°. In another 
case the addition of CaCOs was tried and although the pellicle obtained after 
14 days of growth at 28° was almost paper-thin, with no pigment formation at 
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all, the production of antibacterial substance again was normal. All these 
findings seem to indicate that optimal growth, or optimal temperature for 
growth, or optimal pellicle formation, are no indication for optimal production 
of antibacterial substance. 

If grown at 28® on modified Czapek-Dox agar the mold (PEN 2) forms a 
complete pellicle within 2 days, at which time the formation of antibacterial 
substance can be detected in the culture fluid. The changes in pH during the 
successive stages of growth, at first an increase toward the acid side, later a slow 
decrease in acidity, and finally a rapid rise in the pH are about the same as 
reported by other workers. (See also figures 1 and 2.) 

Composition of medium. In tryptone medium with the necessary salts, with 
or without glucose, the pH rises after 6 days to about 8, and production of anti- 
bacterial substance is not demonstrable. Substituting ammonium sulfate for 
NaNOs as nitrogen source in the Czapek-Dox medium lowers the production 
of antibacterial substance. However, doubling the nitrogen and carbon source 
results in some increase in the production of antibacterial substance, resembling 
very much the results obtained when Fe in the medium is replaced with Mn.** 

From the few experiments conducted regarding the utilization of glucose, it 
was found consistently, whether 100 g or 40 g of glucose were used per liter 
of Czapek-Dox medium, that this source of carbon was rapidly utilized, 90 per 
cent or more of the glucose being used up at the optimum of the production of 
antibacterial substance. Determination of acidity carried out at the same time 
showed no characteristics worth mentioning. 

It has been reported by different investigators (Abraham, Chain, Fletcher, 
Florey, Gardner, Heatley, and Jennings, 1941 ; Clutterbuck, Lovell, and Rai- 
strick, 1932) that occasionally batches of the culture filtrate of the mold are 
obtained, apparently free of contamination, without any antibacterial activity. 
The strain of PEN 2 used for almost all of the experiments reported in this 
paper for more than 8 months has not given a single batch of material without 
antibacterial activity, parallel determinations showing great uniformity. 

DISCUSSION 

Except for the experiments recorded in figure 2, where 8 test organisms were 
used, there were used 4 test organisms, namely Brucella abortus, Staphylococcus 
aureus, Escherichia coli, and Sarcina lutea. The peak of the production of anti- 
bacterial substance always showed the following relationship in sensitivity of 
these four organisms: Staphylococcus aureus ’.Brucella abortus ’.Escherichia coli = 
1:1-2:10, i.e., if one ml. of the culture filtrate will suppress Staphylococcus 
aureus, 1-2 ml. are necessary to suppress growth of Brucella abortus and 10 ml. 
Escherichia coli. {Sarcina lutea is much more sensitive than Staphylococcus 
aureus, its relation being about 0.3.) This relation between these four or- 
ganisms remained unaltered in all the experiments. 

The only evidence brought forth in this paper that two different substances 

^ Thiamin hydrochloride, pyridoxin, or riboflavin, added to the culture fluid were without 
influence upon either growth of the mold or secretion of antibacterial substance. 
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are secreted by the mold (recorded in figure 3) is afforded by the substance 
acting against Escherichia coli. If one compares the crude culture filtrate of 
the mold as found here, however, with the more than 1000 times purified penicil- 
lin of the British workers (1941), another difference is apparent. The sensi- 
tivity of Staphylococcus aureus: Brucella abortus: Escherichia coli against the 
highly purified penicillin compares as 1:500:1000, as against the ratio with 
the crude culture filtrate of PEN 2 of 1:1-2:10. Even assuming slight varia- 
tions in the sensitivity of the test organisms, these would not suffice to reconcile 
those discrepancies. 

In the purification of the penicillin, the British workers (1941) probably used 
Staphylococcus aureus as a test organism. It might well be conceivable that 
in using Escherichia coli, for instance, a substance with entirely different anti- 
bacterial properties against those three organisms might have been isolated. 
Furthermore, the possibility that two different antibacterial substances might 
be formed by the mold would fit into the picture of other soil organisms pro- 
ducing two antibacterial substances such as the Gramicidin and Tyrocidine 
produced by Bacillus brevis, (Dubos, 1939), and Actinomycin A and B produced 
by Actinomyces antibioticus, (Waksman, 1941). Regarding the two substances 
secreted by the mold it must be said that these two substances need not neces- 
sarily be quite different. It could be that only slight changes in one and the 
same substance — ^for instance during the growth of the mold — ^might produce 
the difference in their antibacterial properties. Another possibility is that in 
the purification of penicillin the original substance might have been slightly 
altered in its original antibacterial properties. Only the purification of the 
antibacterial material can bring the desired evidence. 

SUMMARY 

1. Several strains of Penicillium notatum investigated were found to vary 
widely in their property of producing penicillin. 

2. The optimal growth of the mold, or optimal temperature for the growth 
of the mold does not necessarily coincide with the optimal production of anti- 
bacterial substance. 

3. The mode in which the (glucose-containing) medium is sterilized shows 
divergencies in the production of antibacterial substances as well as other 
differences. 

4. The influence of other heavy metal salts than Fe was studied and Mn 
was found to surpass Fe in production of antibacterial substance. 

5. Among five strains of Penicillium notatum tested for the production of 
antibacterial substances, it was found that at least three strains — all varying 
widely in their production of antibacterial substance, — seem to produce 2 
different substances which differ in their antibacterial properties. Using optimal 
conditions, so far as they are known as yet, a strain of Penicillium notatum 
was found to produce an antibacterial substance, which in amounts of 0.01 ml. 
of the crude culture filtrate added to 10 ml. of tryptose agar, will prevent the 
growth of Brucella abortus. 
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6. The difference between purified penicillin and the substance found in the 
crude culture filtrate is discussed with reference to the possibility of the dual 
nature of the antibacterial material produced by the mold. 
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Previous reports from this laboratory have shown that pantothenic acid is 
essential for the growth of every species of lactic acid bacteria tested (Snell et al., 
1937). It has also been shown that while some species of lactic acid bacteria 
require riboflavin for growth, several do not (Snell and Strong, 1939). In a 
study of the activity of certain synthetic flavins, a close correlation was found 
to exist between the rat assay and the bacterial test (Snell and Strong, 1939). 
Vitamin Be (pyridoxine) has been shown to be necessary for the growth of cer- 
tain lactic acid bacteria (Moller, 1938). Mollcr has shown that 2 : 4-dimethyl- 
3-hydroxy-5-hydroxymethyl pyridine has a very small vitamin Be activity 
and that 2,4,5-trimethyl-3-hydroxypyridine has no activity when tested with 
Streptohactcrium plantarum lOS (Moller et al,, 1939). 

The objectives of this present study were, first, to examine the vitamin 
Be requirements of several species of lactic acid bacteria and, second, to deter- 
mine the activity of some vitamin Be analogues for Lactobacillus casein with the 
intention of comparing the observed results with the reported antidermatitic 
activity of these compounds on rats. 

CULTURE MEDIUM 

The basal medium used was such that maximum acidity could be produced 
by the organism, Lactobacillus casei, when sufficient pyridoxine was added. 
The composition of the medium was as follows: 

Acid-hydrolyzed alcohol-extracted casein . . . 0.5 per cent 

Glucose . . . . 1.0 per cent 

Sodium acetate ... . 0.6 per cent 

Tryptophane . . . ... 0.01 per cent 

Cystine 0.01 per cent 

Riboflavin . . 0.01 mg. per cent 

Nicotinic acid . . .... 0.02 mg. per cent 

Pantothenic acid . . ... 0.02 mg. per cent 

Acid ether extract of Galen B 5.0 mg. per cent 

Alcohol-extracted solubilized liver 2.0 mg. per cent 

Inorganic salts (K 2 HPO 4 0.5 gm. ; KH 2 PO 4 0.5 gm.; MgS 04 ’ 7 H 20 0.2 gm. ; NaClO.Ol 
gm.; FeS 04 - 7 H 20 0.01 gm.; MnS 04 - 3 H 20 0.01 gm.; in 1000 ml. of medium.) 


^ Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. This work was supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

® This is the organism which has been widely used for the determination of riboflavin 
and pantothenic acid and recently adapted for biotin assay. It has usually been called 
L. casei e but also has been designated as L, casei and L. helvettcus. In accordance with 
the view’s of several bacteriologists who have been consulted and in accordance with the 
report of Tittsler et al. (1942), the name Lactobacillus casei American Type Culture Col- 
lection No. 7469 is used in this paper. 
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To free the casein of vitamin Be activity it was given the following treatment. 
One hundred grams of Labco casein were ground to pass through a No. 80 mesh 
sieve and then refluxed 3 times, 3 hours each time, twice with 350 ml. of ab- 
solute alcohol and finally with 350 ml. of 95 per cent ethanol. The casein 
was then dissolved in 3 liters of dilute ammonium hydroxide and precipitated 
with hydrochloric acid, dried and ground to pass through a No. 100 mesh sieve 
and refluxed once more for 3 hours with 350 ml. of absolute ethanol and once 
more for 3 hours with 350 ml. of 95 per cent ethanol. The yield was around 60 
grams. To prepare the casein hydrolysates 20 grams of the alcohol-extracted 
casein were autoclaved at 20 lbs. pressure with 800 ml. of 10 per cent HCl for 
3 hours. The HCl was removed in vacuo^ the solution was adjusted to pH 6.8 
and then diluted to make a 5 per cent concentration of hydrolyzed casein. 

The acid ether extract of Galen B® was made by extracting a 20 per cent 
solution of Galen B at pH 2.5 with peroxide-free ether in a Kutcher-Steudel 
extractor for 72 hours, changing the ether every 24 hours. The ether extract 
was concentrated to dryness and then made up to a concentration of 5 mg. 
per ml. 

Five grams of solubilized liver^ were refluxed with 100 ml. of absolute ethyl 
alcohol for 3 hours and then filtered. The extraction was repeated 3 times. 
The extracted solubilized liver was dried and dissolved as needed. 

CULTURES 

The cultures were as follows: Lactobacillus arabinosus 17-5; Lactobacillus 
casei; Lactobacillus delbruckii 3; Lactobacillus pentosus 124-2; Lactobacillus 
lactis Bl-1; and Leuconostoc mesenteroides P-60. The organisms were carried 
as stab cultures in yeast water glucose agar. 

TECHNIQUE OF BIOLOGICAL TESTING 

The inocula were prepared as follows: The organisms were grown in 0.5 
per cent peptone, 0.6 per cent sodium acetate, 1 per cent glucose, inorganic 
salts medium. Transfers were made every 24 hours. For inocula, second 
or third transfers were used. The cells in 10 ml. of a 24-hour culture were 
centrifuged down, suspended in 10 ml. sterile 0.9 per cent saline solution, and 
0.1 ml. of this suspension was added to 80 ml. of sterile 0.9 per cent saline solu- 
tion and thoroughly mixed. 0.3 ml. of this last suspension was used as in- 
oculum for each tube. This inoculum was used in all experiments unless other- 
wise indicated. 

The growth tests were carried out in test tubes containing 10 ml. of medium 
at pH 6.8. The basal medium was first made up at 1.25 times the above con- 
centration (8 ml. per tube) and the test material was incorporated in a 2 ml. 

3 We are indebted to the Galen Co., Inc., Berkeley, California for the gift of Galen B. 

* The solubilized liver fraction is that portion of an aqueous liver extract precipitated 
from solution by addition of ethanol to 70 per cent concentration, then rendered water 
soluble by enzyme action. We wish to thank Dr. David Klein, of the Wilson Laboratories, 
Chicago, for this preparation. 
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addition. The tubes were autoclaved at 15 lbs. pressure for 15 minutes, cooled 
and inoculated. 

Cultures of L. mesenteroides, L. arabinosus and L. pentosus were incubated 
at 25°C., the other three bacteria were incubated at 37°C. Growth observa- 
tions were made by turbidity readings with the Evelyn photoelectric colorim- 
eter. Fermentation was followed by titration of acid produced after 3 days 
growth. 

In a comparison of the various tables it will be found that L. casei does not 
give a standard response to a given level of pyridoxine. It has been impos- 
sible to control this variation to any great extent. However, it is known to 
be associated with age of culture, number of subcultures from the stock culture 
and the amount of pyridoxine present in the culture medium. Data for each 
table are taken from the same experiment. The individual experiments were 
repeated a number of times and gave the same relative values but the absolute 
values differed. 


TABLE 1 


Effect of size of inoculum on requirement for pyridoxine 


INOCULUM 

MICSOGSAMS OF PYRIDOXINE PER 10 ML OF MEDIUM 


0 

0.2 

04 

1.0 

2 0 


ml N/IO acid 

ml N/JO acid 

ml. N/10 acid 

ml. N/10 acid 

ml. N/10 acid 

A 

3 5 

4 6 

10 2 

10 6 

10.2 


6 2 

4 8 

8 6 

10.1 

10.2 

B 

1 0 

5 6 

6 3 

10 4 

10 2 


1 0 

3 5 

1 

5 4 

10 2 

10 4 

C 

0 4 

1 

0 8 

2.8 

9 5 

10 1 


0 5 

1 0 

2 6 

9 5 

10 3 


PYRIDOXINE REQUIREMENTS OF L. CASEI 

The amount of pyridoxine necessary for maximum growth and acid pro- 
duction depends on the size of the inoculum. This was readily demonstrated 
by the following experiment. The cells from 10 ml. of a 24-hour culture grown 
in the peptone medium were centrifuged, suspended in 10 ml. of sterile saline 
solution, centrifuged again and resuspended in 10 ml. of saline. Inocula of 
three concentrations were prepared as follows: Inoculum A was prepared by 
diluting 0.5 ml. of the stock suspension with 10 ml. of saline, inoculum B by 
diluting 0.5 ml. of A with 10 ml. of saline, and inoculum C by diluting 0.5 ml. 
of B with 10 ml. of saline. 0.1 ml. of the respective dilutions was used for each 
tube. The data are summarized in table 1. 

That these effects were not due to mechanical carry over with the cells was 
shown by additional washing of the cells with saline solution. The extra 
washing did not alter the results. 

The effect noted in table 1 is probably due to the storage of more pyridoxine 
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by the cell than is necessary for its growth and function. The ability of L. 
casei to store an amount of a specific factor above the physiological requirements 
of the cell has also been observed in respect to biotin and the norit eluate factor. 
No such storage of riboflavin or pantothenic acid has been observed. 

It is evident that, if the organism is to be used as an assay agent, it must 
be grown on a sub-optimum, if not a minimum, amount of the vitamin. This 
would prevent storage of the growth factor but allow the organism a sufficient 
amount of the factor for the life processes of the cell. 

The effect of various methods of oxygen removal was studied. Some tubes 
were incubated in anaerobic jars, to some metallic iron was added, and to others 
0.3 mg. NaHS02. It was found that the vitamin requirements were in- 
creased, in the order of the methods mentioned (table 2). The effect of 
NaHS 02 seems to be due to oxygen removal rather than to toxicity of the com- 
pound. This is probable since at the higher levels of pyridoxine the organism 

TABLE 2 


Effect of oxygen removal on the pyridoxine requirement of L. caaei 


PYRIDOXINE ADDED 

TUBES INCUBATED 

IN AIR 

TUBES INCUBATED 

IN ANAEROBIC JARS 

TUBES CONTAINING 
REDUCED IRON 

TUBES CONTAINING 

0 3 ICG. NaHSOs 
PER 10 NL. 

ftg./io ml. 

ml.NllOacidllOmL \ 

ml. N/10 acidllO ml. 

ml N/JO acidflO ml. 

ml. N/JO actd/JO ml. 

0.1 

6.8 

5 6 I 


0.8 

0.2 

9 0 

6.2 


0.8 

0.4 

8 6 

7.2 

0 2 

0.8 

0 8 

8,9 

8 4 

0.25 

2.2 

1 2 

9 9 

8.7 

4.7 

2.0 

1.6 

10.1 

9.0 

7.1 

2 0 

2 0 

10.0 

9.7 

8 5 

5 0 


is producing significant amounts of acid. It is unlikely that pyridoxine would 
function as a specific antagonist for NaHS 02 if this compound were toxic. 

The role that vitamin Be plays in cellular metabolism is not known, but it is 
significant that the bacterial cell requires more of the vitamin when the oxygen 
tension is reduced. 

PYRIDOXINE REQUIREMENTS OF VARIOUS SPECIES OF LACTIC ACID BACTERIA 

Requirement studies were made with tubes containing the basal medium, and 
tubes with 0.2 microgram of pyridoxine added per ml. of the basal medium. 
Each succeeding subculture was inoculated with cells taken from the preceding 
tube in the series. The results are shown in table 3. 

It is obvious that L. casei, L. delbruckii, and L. Idctis require pyridoxine in 
the media. L. arabinosus and L. pentosus grow just as well without pyridoxine 
as with it but the growth of L. mesenteroides is stimulated by addition of the 
vitamin. 

To show the sjmthesis of vitamin Be by bacteria which grew in the basal 
medium the cells were centrifuged out, suspended in 10 ml. of water and auto- 
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iyzed under toluene. The centrifuged cell-free media were neutralized and 
concentrated to 10 ml. volumes. The cell autolysates and culture filtrates were 
tested for vitamin Be activity with L. cdsei as the assay organism. The ml. of 
acid produced furnish an index of the vitamin Be present (table 4). It was 
found that those bacteria requiring added pyridoxine did not synthesize the 
vitamin, whereas the others did. L. pentosus and L. arahinosus synthesized 
approximately the same amount of pyridoxine. L. mesenteroides synthesized 
about one-fourth as much pyridoxine as did the other organisms. This limited 
synthesis by L. mesenteroides is in accord with the earlier observation (table 3) 

TABLE 3 


Growth of successive subcultures of lactic acid bacteria in the presence and absence of pyridoxine 
(Figures are readings on Evelyn colorimeter) 


ORGANISM 

NO PYRIDOXINE 

0.2 MICROGRAMS PYRIDOXINE 
PER ML. 

First 

Second 

Third 

First 

Second 

Third 

L. arahinosus 17-5 

31 

33 

29 

29 

30 

30 

L. casei 

89 

91 

91 

26 

26 

30 

L. delbruckii 3 

88 

88 

88 

57 

60 

61 

L. pentosus 124-2 

39 

40 

39 

37 

42 

40 

L. lactis BU\ 

86 

79 

71 

49 

56 

53 

L. mesenteroides P-60 

62 

1 

62 

60 

55 

59 

54 


TABLE 4 

Pyridoxine synthesis by certain lactic acid bacteria* 




ML. OF ADDED FILTRATE OR AUTOLYZED CELL SUSPENSION 

ORGANISM 

AGE OF 
CULTURE 

0 5 

1.0 

20 



Filtrate 

Cell 

Filtrate 

Cell 

Filtrate 

Cell 

L. lactis Bl-1 

hours 

72 

0.6 

0.6 

0.6 

0.6 

0 6 

0.8 

L. mesenteroides P-60 

72 

0.6 

0.6 

0.6 

0.6 

2 1 

1 3 

L. pentosus 124-2 

72 

2.4 

0 8 

7.5 

1.8 

10.4 

4.5 

L, arahinosus 17-5 

72 

2.4 

1.5 

5.7 

1.9 

10.4 

4.7 


* The figures are the ml. of A /lO acid produced per 10 ml. of medium in the assay culture. 


that the growth of L. mesenteroides is stimulated by addition of the vitamin. 
Under the conditions of the test L. mesenteroides cannot synthesize pyridoxine 
at a rate sufficient to meet the requirements of the cell while L. pentosus and 
L. arahinosus can. 

From the above data it is possible to calculate the percentage of pyridoxine 
present in the cell and the percentage present in the medium. In all cases 
the largest amount of the vitamin was present outside of the cell. This may 
be due to the secretion of pyridoxine into the medium or it may be due to 
autolysis of the cell and consequent liberation of the vitamin. 
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EFFECT OF PYRIDOXINE ANALOGUES ON THE GROWTH OP L. CASEI 
The basal medium was supplemented with varying amounts of each of the 
analogues® and the acidity produced was compared with that when pyridoxine 
was added. Autoclaving solutions of compounds II and III results in hydroly- 
sis to pyridoxine. Therefore solutions of these compounds were sterilized by 
filtering through a Seitz filter and adding the filtrate to the autoclaved basal 
medium. The remainder of the compounds were incorporated in the basal 
medium and autoclaved at 15 lbs. pressure for 15 minutes. The inactive 
compounds were tested at concentrations up to 2 micrograms per ml. The 
results obtained with the different pyridine derivatives are recorded in table 5. 

TABLE 5 

Activity of pyridoxine (vitamin Be) derivatives 

COMPOUND 

CH 2 OH 

HO'^‘VcHjOH 

2-Methyl-3-hydroxy-4, 5-bis (hydroxymethyl) pyridine 

(pyridoxine) 

Derivatives of ^-methyl pyridine 

I. 3-Hydroxy-4,5-bis-(acetoxymethyl)- 

II. 3-Acetoxy-4,5-bis-(acetoxymethyl)- 

III. 3-Hydroxy-4,5-bis-(bromoraethyl)- 

I V. 3- Ami no-4-bromomethyl -5-ami nomethyl- 

V. 3- Amino-4-hydroxymethyl -5-ami nomethyl- 

VI. 3-Amino-4-ethoxymethyl-5-aminomethyl- . . . 

VII. 3-Hydroxy-4-ethoxymethyl-5-hydroxymethyl- . . . 

VIII. 3-H ydroxy-4-methoxyme thyl -5-hydroxy me thyl- 

IX. 3-Hydroxy-4, 5-epoxydimethyl- 

X. 3-Hydroxy-4-methyl-5-hydroxymethyl- 

XL 3-Hy dr oxy-4, 5-dimethyl- 

XII. Lactone of 3-hydroxy-4-hydroxymethyl-5-carboxy- 
XIII. Lactone of 3-amino-4-hydroxymethyl-5-carboxy- 

* Activity of on molar basis. 

No analogues of pyridoxine were found to be as active as the pure vitamin. 
The diacetyl compound (I) was found to be nearly as active as the vitamin 
but the triacetyl compound (II) was inactive. In the rat assay (Unna, 1940), 
the di- and tri-acetates were found equally potent and of the same activity as 
the vitamin. Apparently the bacteria could not hydrolyze the acetate in the 
3 position whereas the rat could bring about this hydrolysis. Replacement of 
the hydroxyls of the hydroxymethyl groups by bromine reduced the activity 
about 40 per cent. It was not determined whether or not the activity was due 

® We are indebted to Dr. Karl Folkers of Merck and Company, Inc., Rahway, New 
Jersey, for the gift of these compounds. 
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to the hydrolysis of the bromines, but it was found that the solution resulting 
from autoclaving the compound had the same activity as the vitamin when equi- 
molecular amounts were tested. 

Replacement of the phenolic hydroxyl and the hydroxyl of the 5-hydroxy- 
methyl group by amino groups resulted in a compound which was inactive 
(V), as were the derivatives of this compound (IV, VI). It may be that the 
lack of activity was due to the replacement of the hydroxyl in the 3 position. 

When the 4-hydroxymethyl group was methylated (VIII) or ethylated (VII) 
there was a loss of about 70 per cent of activity. Between the two ethers a 
slight difference in potency was observed. A further reduction in activity 
resulted from the formation of an inner ether between the two hydroxyl groups 
in the 4 and 5 positions (IX). It is highly improbable that the organism could 
hydrolyze the ether linkages in these compounds. Rat assay showed much the 
same activity of these ethers but lesser activity of the inner ether. 

When one hydroxymethyl group was replaced by a methyl group, the com- 
pound (X) was found to have very little activity, but when both the hydroxy- 
methyl groups were replaced by methyl groups (XI) no activity was found. 
These results agree with those of Moller. Both of these compounds were in- 
active when tested with rats. 

The lactone of the comi)ound, formed by substituting a carboxyl for a hy- 
droxymethyl group (XII), was found to be inactive for the bacteria, just as it 
had been found inactive for rats. 


SUMMARY 

Lactobacillus casei has been shown to store pyridoxine in amounts greater than 
are necessary for growth. The pyridoxine requirement was dependent on the 
oxygen tension of the medium. 

Three of the six species of lactic acid bacteria investigated do not require 
pyridoxine for growth and acid production and they were all shown to synthe- 
size the vitamin when cultured on a medium devoid of pyridoxine. 

The response of L. casei to a number of pyridoxine analogues parallels rather 
closely the antidermatitic effect of these same compounds on rats. 
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I. INTRODUCTION 

“Intermediate” coli-like bacteria have received much attention since Koser 
(1923) first reported that Escherichia coli did not produce vigorous growth when 
citrate was present as a sole source of carbon and later (1924) found cultures, 
similar to Escherichia coli in other characteristics, which grew as luxuriantly in 
the citrate medium as did the Aerobactcr cultures. 

Study of these citrate-utilizing, coli-like bacteria w^as first confined to con- 
firmation of Koser’s work; general recognition of their wide distribution in 
nature and study of other characters which would differentiate these “Inter- 
mediate” forms (Methyl-red positive; Voges-Proskauer negative; citrate posi- 
tive) from true Escherichia (M.R.-f ; V.-P. — ; citrate — ) and Aerobacter (M.R.— ; 
V.-P.+ ; citrate+) soon followed. 

Bardsley (1926), Raghavachari (1926), Taylor ct al. (1927), Hill et aL (1929), 
Lewis and Pittman (1928), Holwerda (1928, 1930), Minkewitsch et al. (1928), 
Minkewitsch (1930), Brown and Skinner (1930), Kline (1930), Poe (1931), 
Paw^an (1931), Ruchhoft et al. (1931) and Burke-Gaffney (1932) were among 
those w4io soon confirmed and extended Koser ’s work. 

Braak (1928) made the first study of glycerol metabolism of “Intermediate” 
coliform bacteria and reported that such cultures converted glycerol into tri- 
methylene glycol whereas control strains of the genera Escherichia and Acro- 
bacter did not form the glycol. Workman and Gillen (1932) confirmed the work 
of Braak and created the genus Citrobacter to include such intermediate strains. 

Differential tests, in order to be completely useful, should be rapid, simple 
and easily executed. In the absence of such a test to determine the production 
of trimethylene glycol from glycerol, workers continued to use the methyl-red 
test, the Voges-Proskauer reaction and utilization of citrate for differentiation 
of the “Intermediate” coliform bacteria. 

Fundamental physiological differences in the metabolism of glucose by the 
coliform bacteria have been recognized since Harden and his associates (1901, 
1905, 1905-1906, 1911, 1911-1912) first showed that strains of Aerobacter decom- 
posed glucose with the production of acetylmethylcarbinol and 2-3, butylene 
glycol as well as tw^o or more volumes of CO 2 to one of H 2 and considerably less 
acetic, lactic and succinic acid, than Escherichia coli which did not form appre- 
ciable quantities of acetylmethylcarbinol or 2-3, butylene glycol, produced 
CO 2 and H 2 in a ratio of 1 : 1 and formed significantly larger quantities of the 
acids. Furthermore, cultures of Aerobacter produced much more ethyl alcohol 
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than acetic acid from glucose, whereas cultures of Escherichia formed these 
compounds in approximately equimolar quantities. Scheffer (1928) studied the 
glucose metabolism of the coliform ‘‘Intermediate” group and found their 
metabolic end-products similar to those of Escherichia as is shown in table 1. 

The Voges-Proskauer reaction, a qualitative test for acetylmethylcarbinol and 
the methyl red test, a qualitative measure of the intensity and fate of acids 
produced, are therefore of most value for rapid primary differentiation of the 
coliform bacteria. The value of these tests, first shown by Levine (1916) to 

TABLE 1 


End-products of glucose metabolism by coliform bacteria {data from Scheffer y 1928) 


PRODUCTS 

ESCHESICHIA COLI 

“interbiediate” 

AEROBACIEK 

AEROGENES 

mM. 

Per cent 
of sugar 
fermented 

mM. 

Per cent 
of sugar 
fermented 

mM. 

Per cent 
of sugar 
fermented 

Carbon dioxide 


42.3 

11.1 

31.8 

10.9 

338.0 

39.3 

Hydrogen 


41.0 

0.5 

32.5 

0 5 

100.0 

0.5 

Lactic acid . 


78.1 

41.9 

59.8 

41.8 

23.6 

5.6 

Succinic acid 


25.4 

17 3 

21.9 

20 1 

6.8 

2.1 

Formic acid. . . . 


1.96 

0.5 


0 

15 7 

1 9 

Acetic acid. 


41.8 

14.9 

25 8 

12.1 

3.5 

0.5 

Ethanol 


41 5 

11.4 

2C 1 

9 3 

139.5 

17.0 

Acetylmethyl carbinol . 



0 


0 

trace 

0 

2-3 butylene glycol 



0 


0 

110.8 

26.4 

Total 


97.6 


94 7 


93.3 

Ratio CO 2 /H 2 .... 

1 03:1.00 

0.98:1.00 

3.38: 

1 00 


correlate with differences in glucose metabolism, has been firmly established. 
Koser’s citrate test is then used for further separation of the coliform bacteria 
into three groups: 


TEST 

V.-P. 

U.R. 

CITRATE 

Escherichia . 

— 


— 

“Intermediate'^ 

- 

-f 

-f 

Aerobacter. . 

+ 

— 



Unfortunately, earlier investigation of the coliform bacteria was materially 
hindered by lack of a sensitive qualitative method for determination of the 
Voges-Proskauer reaction. Thus, some of the cultures diagnosed as representa- 
tives of the “Intermediate” section, in reality, belonged to the genus Aerobacter. 
That such was the case was clearly shown by Vaughn, Mitchell and Levine 
(1939). After finding that some cultures classified as belonging to the “Inter- 
mediate” section were really Aerobacter strains, it was anticipated that further 
investigation would show that Aerobacter cultures could form trimethylene 
glycol from glycerol. This was proven by Mickelson and Werkman (1940). 
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Most confusion in classifying the “Intermediate” group has resulted from a 
tendency to allocate Aerobacter cultures having very weak or negative Voges- 
Proskauer reactions to the “Intermediate” section without realizing that, of 
the two compounds, acetylmethylcarbinol and 2-3, butylene glycol, the latter 
predominates and the carbinol is sometimes found only in traces, even when 
estimated quantitatively. Also, acetylmethylcarbinol is decomposed by the 
coliform bacteria according to Linton, (1925); Paine, (1927); Williams and 
Morrow, (1928); and Tittsler, (1938). Furthermore, routine use of an incuba- 
tion temperature of 37°C. for the coliform bacteria mitigates against detection 
of Aerobacter when using the Voges-Proskauer reaction as a criterion, as does 
too short or too long incubation. Further confusion has resulted from failure 
to recognize that the citrate test is a measure of the ability of the coliform bac- 
teria to readily utilize the citrate radical as a sole source of carbon in an otherwise 
inorganic medium. 

In a search for other characteristics which would be more satisfactory for 
separating the “Intermediate” group from true Escherichia Bind Aerobacter, 
eral differential tests have been suggested including the production of hydrogen 
sulfide, utilization of cellobiose and indole formation in tryptophane broth. 

Levine and his students, (1932) found that the “Intermediate” cultures inves- 
tigated by them formed hydrogen sulfide in proteose peptone, ferric citrate agar 
and later (1934) reported that not all “Intermediate” cultures produced hydro- 
gen sulfide in their medium. Finally, Vaughn and Levine, (1936) showed that 
the diagnostic value of the proteose peptone, ferric citrate agar medium for 
hydrogen sulfide production was dependent upon the concentration of agar 
contained in the medium. A concentration of 1 .5 per cent agar was optimum for 
differential purposes. With higher concentrations of agar, the number of posi- 
tive cultures was materiall}^ reduced whereas, in a medium containing appre- 
ciably smaller amounts of agar the differential value was completely lost. 

It is to be emphasized that hydrogen sulfide production is constant only for 
a constant set of conditions. Experience has shown that proteose peptone 
ferric-citrate medium with 1.5 per cent agar is the most satisfactory medium 
for use as a differential test for the “Intermediate” coli-like bacteria. Media 
with added sulphur-containing compounds or employing more sensitive indica- 
tors arc as inadequate for good differentiation as liquid proteose peptone ferric- 
citrate medium in which it has been shown that the majority of strains of 
Escherichia and Aerobacter as well as the “Intermediate” coli-like cultures are 
capable of producing H 2 S from the sulphur-containing constituents of the 
peptone. 

The fermentation of cellobiose was first used by Jones and Wise (1926) and 
Koser (1926) with later confirmation by Skinner and Brudnoy (1932) and more 
recently by Tittsler and Sandholzer (1935), Stuart et al. (1938) and Mitchell 
and Levine (1938). Cellobiose fermentation will distinguish between true 
Escherichia and “Intermediate” cultures but it must be remembered that Aero- 
bacter cultures attack cellobiose. 

Other tests, particularly indole formation from tryptophane broth, have been 
used in an attempt to separate the coliform bacteria. Here, too, success has 
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been limited because of the high percentage of Aerobacter cultures which pro- 
duce indole. Indole is a character better suited to specific than to generic 
differentiation. 

As a result of the confusing and ambiguous results obtained with the differ- 
ential tests cited above, some workers believed that part of the ‘'Intermediate^' 
organisms should be allocated to Escherichia and the rest to Aerobacter (Carpen- 
ter and Fulton, 1937). Others considered them all as Escherichia (Tittsler 
and Sandholzer, 1935; Yale, 1939); still others refused to allocate them but 
retained the “Intermediate" designation (Koser, 1924; Ruchhoft et al.y 1931; 
Bardsley, 1934; and many others); some gave them separate generic rank as 
Citrobacter (Werkman and Gillen, 1932; Bartram and Black, 1937) and some 
placed all of the coliform bacteria in one genus, Bacterium (Minkewitsch, 1930; 
Skinner and Brudnoy, 1932; Parr, 1938; and Malcolm, 1938). 

Regardless of the manner in which the taxonomy of the group is finally treated, 
the “Intermediate" coliform bacteria are widely recognized and with more ex- 
perience and more refined diagnostic methods, two alternatives are apparent: 
the “Intermediate" coliform bacteria must either be recognized as a separate 
genus or be given specific allocation in some existing genus. In either case, 
more attention must be given to specific and varietal differences. 

The following information is presented with respect to the taxonomic status 
of the “Intermediate" coli-like bacteria; to differentiate them from Aerobacter 
and the characteristic strains of true Escherichia and to offer satisfactory species 
and varietal descriptions. 

II. CHARACTERISTICS OF THE “INTERMEDIATE" COLI-LIKE BACTERIA 

A. Source of cultures 

The cultures to be considered are true “Intermediate" coli-like bacteria: 
gram-negative, short rods; do not produce spores; are generally motile with 
peritrichous flagellation; ferment lactose with acid and gas; do not produce 
acetylmethylcarbinol (V.-P. negative); and utilize citrates as a sole source of 
carbon (citrate positive). 

The 223 cultures included in this investigation were obtained from a wide 
variety of sources including the feces of humans and fowls, various types of 
waters and soils, chicken eggs, milk, oysters and olives. The collection included 
cultures from laboratories in various parts of the world as well as strains isolated 
by the authors. 

B. Methods 

The cultures were all subjected to serial replating on Levine's eosine-methyl- 
ene-blue agar for purification. Well isolated colonies were picked and purified 
by repeated plating from lactose broth (Standard Methods, 1936). 

Primary differentiation from true Escherichia and Aerobacter was made on 
the basis of the Voges-Proskauer and Koser's citrate tests. The V.-P. reaction 
was determined by the use of Barritt's (1936) alpha-naphthol reagents on cul- 
tures grown in Difco M.R.-V.P. medium at 30°C. for periods of from one to 
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five days, (Vaughn, Mitchell and Levine, 1939). One ml. of culture was used 
to which was added 0.6 ml. of 5 per cent a-naphthol in absolute ethyl alcohol 
and 0.2 ml. of 40 per cent KOH. The V.-P. reactions, using Barritt^s reagents, 
are best observed 30 minutes to 6 hours after addition of the reagents. On 
long standing, the crimson to ruby color denoting a positive reaction becomes 
darkened to brownish color which may turn very dark brown and form a heavy 
precipitate or rejprn to a coppery color characteristic of a negative reaction. 

The ability of the cultures to utilize the citrate radical as the sole source of 
carbon was determined by use of Difco Koser’s citrate medium. Care was 
taken to exclude extraneous carbonaceous and nitrogenous contamination by 
acid washing and carefully rinsing all test tubes with distilled water. The 
medium was prepared with distilled vrater. Inoculations were made from 18- 
to 24-hour nutrient broth cultures using a straight needle. 

Secondary or specific allocation, using the production of hydrogen sulfide 
from proteose peptone ferric citrate agar, the formation of indole in trj^'ptophane 
broth, using Kovac’s reagent (1928), the fermentation of starch, aesculin, 
salicin and glycerol followed the suggestion of Levine et al. (1934). These and 
other carbon compounds were added in concentrations of 0.3 to 0.5 per cent to a 
ba.sal medium containing 5 grams of Bacto-peptone, 1 gram of K2HPO4 and 
10 ml. of Andrade indicator per liter of distilled water. 

The starch and aesculin media were prepared differently. Since it is impor- 
tant that the starch used be free from reducing substances, Kingsford and Argo 
corn starches known not to reduce Fehling’s solution were used. A concentra- 
tion of 1 per cent starch was prepared by making a thin paste in a small portion 
of cold basal medium and adding this paste to the desired quantity of boiling 
basal medium. With care a satisfactory suspension of the starch is obtained. 
Soluble starches are unsatisfactory for differential purposes as most coliform bac- 
teria readily ferment them, since they contain products of starch hydrolysis. 

The aesculin medium was prepared by adding 0.3 per cent aesculin and 0.05 
per cent ferric citrate to the basal medium. Decomposition of the aesculin is 
denoted by blackening of the medium and accumulation of gas in the Durham 
tubes. 

Motility was determined by hanging drop preparations of young cultures 
grown in nutrient broth and b}^ the use of semi-solid agar (nutrient broth plus 
0.5 per cent agar). Flagella stains, where made, were prepared according to 
the method of Plimmer and Paine (1921). 

C. Differentiation of the '^Intermediate'^ section 

When it was recognized that an “Intermediate” group of coli-like organisms 
existed, primary differentiation from true Escherichia and Aerobacter cultures 
was made by the use of the Voges-Proskauer, methyl-red and Koser’s citrate 
tests. Soon, however, Aerobax^ter-like cultures were isolated and classified as 
“Intermediate” coli-like bacteria and confusion reached such a state that some 
workers felt it would be desirable to allocate all “Intermediate” cultures to the 
two existing genera, depending upon w^hich genus was more closely simulated. 
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As pointed out previously, part of the confusion arose through inadequate 
control of differential criteria. The fundamental differences in glucose metabo- 
lism were not widely recognized. Furthermore, a tendency to attempt to use 

TABLE 2 


Differentiation of sections of the coliform bacteria 


CHAXACTEK 

ESCHESICHXA 

“intesmediate” 

AEROBACTEE 

V.-P 

— 

— 


Citrate 

— 

-f 


M. R 

+ 

■f 

- 

H,S 

- 


- 

Cellobiose 

— 


4- 

Uric acid (1) 

— 

— 

4- 

Urea (1) 

— 


4* 

Yeast Nucleic acid (1) — 

— 

— 

+ 

Allantoin (1) 

- 


4- 

Hydantoin (1) i 

- 

- 

4- 

Uracil (1). . 

+ 

— 

4- 

Growth at 45‘’-46°C. (2). .. 

4- 

- 

- 

Resistance to HsBOs (3) . . 

+ 

- 

- 

Decomposition of Na malonate 




(4) 

— 

— 

i 4- 

Metabolite specificity (5) 

Specific for 
Escherichia 

Specific for 
^qnfer- 
mediate^' 

Specific for 
Aerobacter 

Bacteriophage specificity (6) 

Specific for 
Escherichia 

Specific for 
^‘Inter- 
mediate*^ 

Specific for 
Aerobacter 

Origin 

Predominant in 
vertebrate 
feces 

Indefinite 

Predominant in 
non-fecal 
materials 


(1) Mitchell and Levine, (1938); West, Gililland and Vaughn (1941) 

(2) Levine, Epstein and Vaughn (1934) 

(3) Levine, (1921); Levine, Epstein and Vaughn, (1934); Vaughn and Levine, (1935); 
Vaughn, (1935) 

(4) Leifson, (1933); West, Gililland and Vaughn (1941) 

(5) Powers and Levine (1937) 

(6) Powers, (1938) ; Powers, Levine and McCleskey (1938) 

characters for generic diagnosis which are most useful for species or varietal 
differentiation still exists. What, then, are the limits of group differentiation? 

The characters shown in table 2 appear particularly satisfactory for group 
differentiation. 
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On the basis of the differences shown in the table it is felt that there is suffi- 
cient evidence for regarding the time “Intermediate” coliform bacteria as a 
separate, distinct group. It is true that in some characteristics the “Inter- 
mediate” group appears more closely related to Escherichia as shown by the 
metabolic end-products of glucose fermentation as manifested by the negative 
Voges-Proskauer reaction and the positive methyl-red test for true Escherichia. 
On the other hand, characteristics suggestive of Aerobacter include the utiliza- 
tion of citrate as a sole source of carbon, failure to grow at 45-46°C., and low 
resistance to boric acid media. 

The most outstanding characteristic possessed by the “Intermediate” section 
not common to Escherichia or A erobacter^ is the ability to form hydrogen sulfide 
from proteose peptone ferric-citrate agar. 

Generic ranking of the “Intermediate” section has presented a confusing 
problem in the past. Purely on the basis of glucose metabolism the “Inter- 
mediate” bacteria are closely related to true Escherichia as has already been 
stressed. The genus Citrobacter as originally created for the “Intermediate” 
section was not satisfactory for it permitted the presence of Aerobacter types — 
^^acetoin not produced from glycerol and rarely from glucose and then only in traces. 
Increase in our knowledge of the coliform bacteria and the advent of more refined 
techniques have, however, shown that the “Intermediate” group can be dif- 
ferentiated. Furtheimore, the section has been widely recognized and specifi- 
cally differentiated from Escherichia and Aerobacter. It would seem that steps 
should be taken to insure a legitimate taxonomic position for the “Intermediate” 
coliform group. 

If the term Citrobacter is to be accorded generic rank, then the characterization 
by Mitchell and Levine (1938) should be given serious consideration. They 
point out as shown in table 2 that the “Intermediate” coli-like bacteria {Citro- 
bacter) differ from true Escherichia cultures in that the former (1) utilize urea 
but not uracil as a sole source of nitrogen, (2) utilize citric acid and cellobiose 
as sole carbon sources, and (3) generally produce H 2 S but not indole. Further 
evidence to strengthen the position of the “Intermediate” coli-like bacteria is 
also to be found in tabic 2 where it has been shown that the “Intermediate” 
coli-like bacteria differ from true Escherichia coli in that they (1) do not grow 
well at 45°-46°C. (Eijkman test), (2) are not resistant to 0.325 per cent boric 
acid in buffered lactose broth, (3) produce “metabolites” which inhibit a large 
proportion of intermediate strains but do not appreciably influence the growth 
of Escherichia or Aerobacter cultures, (4) exhibit marked group specificity for 
bacteriophages (“Intermediate” phages attack only “Intermediate” cultures), 
and (5) do not have a definite origin but are apparently quite evenly distributed 
in a wide variety of habitats (see table 6). 

The genus Citrobacter (Werkman and Gillen) has not been satisfactory for 
allocation of the “Intermediate” coli-like bacteria. The physiological similarity 
between “Intermediate” coli-like cultures and true Escherichia coli cultures as 
indicated by the metabolism of glucose might be considered of sufficient mag- 
nitude to make the allocation of the “Intermediate” section to the genus Es- 
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cherichia mandatory. Such allocation, however, should be made with the under- 
standing that the presence of ^‘Intermediate'' coli-like cultures in a food (as for 
example oysters or olives) is not to be regarded as prima fade evidence of fecal 
pollution. From the standpoint of sanitary significance, allocation of the “Inter- 
mediate" section to the genus Escherichia can not be completely satisfactory 
until the origin of the “Intermediate" coli-like organisms is conclusively proved. 
Evidence available at present does not indicate a clear cut solution of the ques- 
tion of the sanitary significance of “Intermediate" coli-like bacteria found in 
foods or in water. 

The “Intermediate" coli-like bacteria possess the following general charac- 
teristics: 

Gram-negative short rods; do not form spores; generally motile — if motile, with 
peritrichous flagellation; ferment lactose with production of acid and gas; ferment 
glucose with formation of equal volumes of CO 2 and H 2 but no acetylmethylcarhinol 
(F.-P. negative) and form significant quantities of lactic, acetic and succinic acids 
); utilize citric acid as a sole source of carbon; generally produce H 2 S in 
proteose peptone ferric-citrate agar; decompose cellobiose with the production of add 
or acid and gas; utilize urea as a sole source of nitrogen but not yeast nucleic add, 
uracil, uric acid, allantoin or hydantoin; do not grow well at {Eijkman 

test negative); fail to growin boric-acid lactose broth at have an opti- 

mum temperature range of 30^ to 37^C. 

It is to be emphasized that with most of these characters, at least a few cul- 
tures in any of the three sections will be found to be in disagreement with the 
majority. Other characters, such as indole production, are not considered of 
significance for generic differentiation although very useful for species identifi- 
cation. (A large number of Aerobacter cultures produce indole.) All are con- 
versant with the vagaries of the methyl-red reaction, and since when properly 
ascertained it correlates so well with the V.-P. reaction its use for differentiation 
is not pertinent. 

D. Specific differentiation 

Results of investigation on the carbon compounds decomposed by the “In- 
termediate" cultures is summarized in table 3. 

Of the 27 compounds tested, 14 were attacked by all, or nearly all cultures, 
only 2 were not decomposed and 12 were considered of possible value for species 
differentiation. 

It has already been shown that hydrogen sulfide production is a characteristic 
common to most of the “Intermediate" section. Experience has shown that 
this character correlates well with other reactions for the purposes of differenti- 
ating specific types of “Intermediate" bacteria. 

Table 3 shows the specific differences between the H 2 S positive and negative 
cultures. One hundred ninety-six cultures produced H 2 S and only 27 cultures 
were negative. Of the 12 characteristics used in segregation of these two groups 
only a few were of significant differential value. The other carbon compounds 
decomposed were attacked at random by both groups and an attempt to em- 
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ploy all such characters would tend to increase the number of groups geometri- 
cally by the expression 2n where “n” is the number of characters studied. 
Obviously, such a practice would greatly confuse satisfactory grouping of the 
cultures. 

Those characters thought to be of value for differentiation of the H 2 S posi- 
tive and negative types included indole production, motility, and fermentation 


TABLE 3 

Group differentiation of the 22S '‘Intermediate” Colidike cultures 


GKOUP 

ALL STSAINS 
(223 cuLTuaES) 

HsS POSITIVE 
(196 CULTUEES) 

H 2 S NEGATIVE 
(27 CULTUEES) 

Character* 

Positive reactions 

Number 

j Per cent 

Number 

Per cent 

Number 

Per cent 

Indole 


17 

7.6 

3 

1.5 

14 

59.9 

Motility ... 


217 

97.3 

196 

100.0 

21 

77.8 

Starch 


6 

2.7 

0 

0.0 

6 

22.2 

Aesculin 


17 

7 6 

1 

0.5 

16 

59.2 

Salicin 


43 

19 3 

24 ! 

12.2 

19 

70.4 

Inositol . . 


5 

2.2 

0 

0.0 

6 

23.1 

Glycerol . . . 


216 

96 9 

195 

99.5 

21 

77.8 

Sucrose 


127 

57.0 

112 

57.2 

14 

51.9 

Raffinose 


125 

56.1 

112 

57.2 

13 

48.2 

Melezitose 


21 

9 4 

21 

10.7 

0 

0.0 

Dulcitol 


94 

42 2 

1 88 

44.9 

6 

22.2 

Adonitol 


4 

17.9 

0 

0.0 

4 

! 14.8 

a-methyl glucoside. 


86 

38.6 

75 

38.3 

11 

40.8 

Na-malonate . 


20 

8.8 

11 

5.6 

9 

33.3 

Trehalose .... 


222 

99.6 

195 

99.5 

27 

100.0 

Sorbitol 


220 

! 98.7 

195 

99.5 

25 

92.6 

Cellobiose . . . 


215 

96.4 

191 

97.5 

24 

88.9 


* Xylose, arabinose, rhamnose, glucose, galactose, fructose, mannose, lactose, maltose 
and mannitol attacked with acid or acid and gas production by all cultures. Amygdalin 
and erythritol not decomposed. 


of starch, aesculin, salicin, inositol and glycerol. The coefficients of correla- 
tion^ of these characters are shown in table 4. 

The coefficients of correlation wnre calculated by formula I. 

a(a + b + c + d ) — (a + c) (a +_ ^ 

V(a +^^(bT"d)(r+ b) (r ^ 

Bs suggested by Yule for situations where perfect correlations of 1 or — 1 would 
result if any one group, a, b, c or d was zero. Otherwise, coefficients of corre- 

* For a detailed discussion of this method consult Levine (1918). 
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lation for these characters may be erroneous in that perfect correlations of 1 
or — 1 are obtained for a large number of characters of little or no significance 

if the formula (II) is used. 

For this study, using formula I, it has been considered that if the coefficient 
of correlation between two characters is greater than 0.5 they may be regarded 
as correlated, but if less than 0.3 there is probably no correlation. 

Inspection of table 4 shows that H 2 S production is significantly correlated 
with indole production and the decomposition of aesculin and to a lesser extent 
with motility and decomposition of inositol and salicin; the association being 
negative with the exception of motility. 

All of the characters do not correlate with each other. Starch, which does 
not correlate well with H 2 S has a high degree of association with motility and 
inositol but less significantly with aesculin. Indole production correlates 
well only with H 2 S and aesculin. Glycerol is not correlated with any of the 

TABLE 4 


Coefficients of correlation for each pair of significant characters using formula /* 



HsS 

INDOLE 

STASCB 

AESCULIN 

SALICIN 

INOSITOL 

GLYCESOL 

MOTILITY 

H 2 S 


- 0.62 

- 0.14 

- 0.83 

- 0.47 

- 0.45 

- 0.40 

+ 0.50 

Indole 

- 0.62 


+ 0.16 

+ 0.62 

+ 0.42 

+ 0.06 

- 0.09 

- 0.16 

Starch 

- 0.14 

+ 0.16 


+ 0.58 

+ 0.34 

+ 0.83 

+0.01 

-0 83 

Aesculin 

- 0.83 

+ 0.62 

+0 58 


+ 0.60 

+ 0.48 

- 0.14 

+ 0.58 

Salicin 

- 0.47 

+ 0.42 

+ 0.34 

+ 0.60 


+ 0.33 

- 0.04 

- 0.34 

Inositol 

- 0.45 

+ 0.06 

+ 0.83 

+ 0.48 

+ 0.34 


+ 0.03 

- 0.65 

Glycerol 

- 0.40 

- 0.09 

+0.01 

- 0.14 

- 0.04 

+ 0.03 


- 0.03 

Motility 

+ 0.50 

- 0.16 

- 0.83 

+ 0.58 

- 0.34 

- 0.65 

- 0.03 



* No significant correlation was found for the other characters. 


other characters. Aesculin shows a significant degree of association with all 
characters except glycerol but the number of positive reactions is very small. 
Motility correlates with starch, inositol, aesculin and H 2 S. Inositol correlates 
particularly well with starch and motility and to a lesser degree with aesculin 
and H 2 S. Salicin correlates only with aesculin and H 2 S although the degree of 
association is not good. 

Two specific groups are evidently represented by the 223 ‘‘Intermediate’^ 
cultures; a large H 2 S positive group represented by 196 cultures and a small 
H 2 S negative group of 27 cultures. The H 2 S positive group is well defined. 
It rarely produces indole; does not ferment starch, aesculin or inositol; is motile 
and ferments glycerol. 

The H 2 S negative group is quite heterogeneous. Inspection of the results 
shown in table 3 indicated that two types or varieties might be present among 
the H 2 S negative cultures. This supposition was tested by determining the 
coefficients of correlation among the same characters as used for group differ- 
entiation. The coefficients of correlation are shown in table 6. There is a high 
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degree of association between starch, inositol and motility. The other charac- 
ters do not correlate well with the exception of aesculin with salicin and to a 
lesser extent indole with salicin. Two types are present; one, represented by 
6 cultures, ferments starch and inositol but is non-motile; the other, comprising 
21 cultures, does not ferment starch or inositol but is motile. (Malcolm, 1938, 
has also found inositol an aid for specific differentiation of the “Intermediate” 
coli-like bacteria as indicated by his correlation studies.) 

TABLE 5 


Coefficient of correlation for each pair of significant characters of the H 2 S negative cultures ^ 

using formula I 



INDOLE 

STAKCH 

AESCULIN 

SALICIN 

INOSITOL 

GLYCEROL 

MOTILITY 

Indole 


-0.20 

+0.40 

+0.51 

-0.38 

+0.38 ! 

+0.20 

Starch 

-0.20 


-fO.44 

+0.35 

+0.78 

+0.29 

-0.79 

Aesculin 

+0.40 

+0.44 


+0.7S 

+0.26 

+0.21 

-0.44 

Salicin 

+0.51 

+0.35 

+0.78 


+0.58 

+0.47 

-0.35 

Inositol 

-0.38 

+0 78 

+0 26 

+0.58 


+0.28 

-0.57 

Glycerol 

+0.38 

+0.29 

+0.21 

+0 47 

+0.28 

1 

-0.29 

Motility 

+0.20 

-0 79 

-0.44 

-0.35 

-0.57 

-0.29 



The “Intermediate” section may be divided into three well defined groups 
as follows: 


i 

H2S + 

Indole — 
Starch — 
Aesculin — 
Inositol — 
Glycerol -f- 
Motility -h 
(196 cultures) 


V.-P. - 
M. R. + 
Citrate H- 
Cellobiosc -j- 


i 


I 

Starch + 
Inositol 4 - 
Motility — 
(6 cultures) 


1 

H2S - 

i 


Starch — 
Inositol — 
Motility 4- 
(21 cultures) 


Two sections should be recognized among the “Intermediate” coli-like bac- 
teria, an HaS positive group which is well defined and an HaS negative group 
which may be further satisfactorily differentiated. In some other collection 
of cultures the HaS negative group might be the larger. Representatives of 
both groups have been described by many investigators. The two groups 
should be allocated to the genus Escherichia. 

As already pointed out, the ability of the “Intermediate” coli-like bacteria 
to produce hydrogen sulfide in proteose peptone ferric-citrate agar is a charac- 
teristic distinctive for most of the cultures of this section of coliform bacteria. 
For adequate differentiation it is desirable to recognize at least two definite 
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groups because of the distinct differences between the hydrogen sulfide posi- 
tive and negative cultures. The large H 2 S+group of ^intermediate'' coli-like 
bacteria might be recognized as Escherichia freundii (Braak) Yale. The small 
H 2 S— group might be recognized as Escherichia intermedium ( Workman and 
Gillen) nov, comb. 

Description of Escherichia intermedium, (Workman and Gillen) nov, comb. 

Morphology (at 30^), 

Form and arrangement: — Short rods with rounded ends which occur singly, 
in pairs and short chains when young nutrient agar or broth cultures are ex- 
amined. 

Spore formation: — No spores have been observed. 

Motility: — ^Actively motile with peritrichous flagella or non-motile. 

Staining reactions: — Gram-negative. 

Cultural characteristics (at SO^C) 

Nutrient agar: — Growth is abundant, raised, greyish white with smooth to 
wrinkled surface and butyrous consistency. 

Nutrient broth: — An abundant turbidity is formed with surface growth 
confined to slight ring formation. 

Gelatin stab (at 20°C) : — Growth along the line of inoculation but no lique- 
faction after 60 days. 

Potato: — Growth on potato wedges is abundant with a white to ivory color. 

Litmus milk: — The milk is acidified; sometimes followed by coagulation and 
reduction. Gas is formed. Proteolysis has not been observed. 

Levine's eosine-methylene-blue agar: — ^Well isolated colonies vary from 1 
to 4 mm in size. There is no confluence of neighboring colonies so characteristic 
for cultures of Aerobacter, Colonies are slightly to moderately raised with 
surfaces varying from flat to convex and usually smooth and glistening but 
sometimes dull, rough and granular. 

By transmitted light two types of colonies have been observed: 1) Colonies 
having almost the same appearance throughout but with a distinctly lighter 
center, the color being similar to the medium. 2) Colonies having a dark 
brownish central area which diffuses out to a lighter margin. 

By reflected light three types of colonies have been observed: 1) Dark, 
button-like, concentrically ringed colonies possessing a strong greenish metallic 
sheen so characteristic for Escherichia coli, 2) Colonies with dark, purplish, 
wine-colored centers surrounded by a light pink zone. Some colonies are con- 
centrically ringed. 3) Pink colored colonies with no suggestion of sheen but 
sometimes concentrically ringed. The two latter types predominated among the 
cultures studied. 


Biochemical characteristics (at SO^C) 

Catalase: — This enzyme is produced by all cultures. 

Fermentation of glucose: — The end-products characteristic for the genus 
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Escherichia are formed. Carbon dioxide and hydrogen gases are formed in 
approximately equimolar proportions {gas ratio 1:1) besides significant quan- 
tities of ethanol and acetic, lactic and succinic acids {methyl-red test positive) 
with only traces of formic acid. Acetylmethylcarbinol and 2-3 butylene glycol 
have not been found (Voges-Proskauer test negative). 

Citrate utilization: — Salts of citric acid are utilized as a sole source of carbon 
in an otherwise inorganic medium. 

Hydrogen sulfide: — Not detected in proteose peptone ferric-citrate agar. 

Indole: — May or may not be formed in tryptophane broth cultures. 

Nitrates: — Reduced to nitrites. 

Xylose, arabinose, rhamnose, glucose, fructose, mannose, galactose, lactose, 
maltose, trehalose and mannitol decomposed with acid or acid and gas pro- 
duction by all cultures. Melezitose, amygdalin and erythritol not attacked. 

Sucrose, raffinose, cellobiose, a-methyl glucoside, adonitol, dulcitol, glycerol, 
inositol, sorbitol, starch, aesculin, salicin and sodium malonate attacked by 
some cultures and not by others. 

Requirements for growth 

Oxygen relationships : — Facultative. 

Temperature requirements: — Growth occurs at 10°C and at 45° to 46°C. 
The optimum temperature for grow^th in the media used for study is between 
30° and 37°C. Although some cultures show growth at 45° to 46°C gas is not 
produced in Eijkman test media when incubated at 43° to 46°C (temperature 
of the medium). 

Salt tolerance: — ]VIost cultures ferment glucose in the presence of sodium 
chloride in a concentration of 6.0 to 7.0. A few cultures tolerate 8.0 per cent 
sodium chloride. 

pH range: — Cultures grow best in nearly neutral media although growth 
has been observed at pH 5.0 and pH 8.0. 

Distinguishing characteristics 

Cultures of Escherichia intermedium are differentiated from Escherichia freundii 
by the lack of ability of the former to produce hydrogen sulfide in proteose 
peptone ferric-citrate agar. 

Two varieties of Escherichia intermedium have been observed. One w^as 
composed of 21 cultures w^hich w^ere unable to decompose starch or inositol 
but were motile. The other consisted of 6 cultures which decomposed starch 
and inositol with formation of acid and gas but were non -motile. 

As already stressed it is not desirable to separate the H 2 S negative Escherichia 
intermedium group into two varieties until a much larger number of such isolates 
have been available for study. 


Sources of isolates 

Cultures of Escherichia intermedium have been isolated from water, feces, 
soil, milk and olives. 
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The characteristics which separate Escherichia intermedium and Escherichia 
freundii from true Escherichia (citrate negative) and Aerohacter have already 
been given in table 2. Cultures of Bacterium freundii (Braak) received from 
Professor Kluyver include both sulfide-producing and non-sulfide producing 
types. The marked differences between the original cultures make it advisable 
to give specific names to the two types, so that the differences may be more 
easily noted. 

The question of proper synonymy is difficult. Certainly ‘‘Intermediate” 
coli-like bacteria had been described under a variety of species of Escherichia^ 
Bacterium or Bacillus for some time prior to the work of Koser (1923), Braak 
(1928), and Workman and Gillen (1932). 

Until descriptions included utilization of citrate as a sole source of carbon, 
the production of hydrogen sulfide in peptone, lead acetate agar offered the best 
clue as to whether the organisms might belong to the “Intermediate” section 
provided that other reactions were characteristic for coli-like bacteria. A 
study of the literature shows that it would be very difficult, if not impossible, 
to establish synonymy in this manner. 

The most probable synonyms are those species of Citrobacier named by Work- 
man and Gillen (1932) including Citrobacier album, Citrobacier anindolicum, 
Citrobacier decolorans, Citrobacier diversum, Citrobacier glycologenes and Citro- 
bacier intermedium. Had the trinomial Bacterium coli cilrovorum (Minkewitsch, 
1930) been used as a binomial as Escherichia cilrovorum the “Intermediate” 
coli-like bacteria would have been given a very descriptive name. 

It is not desirable at this time to separate the H 2 S negative group into two 
varieties. A much larger number of strains should be available for study before 
stressing subdivision on statistical correlation. 

E, Some ecological implications 

Although it has been claimed that the “Intermediate” coliform bacteria 
(genus Citrobacier) are probably not normal inhabitants of the vertebrate in- 
testine, it should be pointed out that such a conclusion is not warranted. 

The data summarized in table 6 have been compiled from the literature for 
the purpose of ascertaining in part the relative incidence of the “Intermediate” 
section among the coliform bacteria isolated from different sources and also 
for pointing out the confusion which accompanies the presence of this group 
when isolated in large numbers from various sources. The results are based 
upon differentiation through the use of the methyl-red, Voges-Proskauer and 
Koser’s citrate tests. 

The data in table 6 indicate that the “Intermediate” section is widely dis- 
tributed in nature; that it is encountered only in small numbers in the feces 
of man and animals; that the question of vsanitary significance of this group is 
difficult to ascertain; that on the basis of the available data there is a somewhat 
higher incidence of this type in soils considered to be remotely polluted but the 
percentage incidence is low in most cases, showing little correlation with source 
and with relatively small percentage differences in incidence from various sources, 
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the conclusion that the “Intermediate” group is necessarily non-fecal in origin 
is unjustifiable. 

Part of the somewhat higher percentage incidence among the non-fecal 
sources may be accounted for by the fact that with a predominance of Aero- 
hooter forms there would be a larger number of such cultures incorrectly diag- 
nosed as “Intermediate” because of the use of unreliable techniques for deter- 

TABLE 6 

Summary of incidence of Intermediate^' Coliform bacteria 


SECTIONS or COLIFOHM BACTEBIA 


SOUKCE 

NUMBER 
or CUL- 
TURES 

Escherichia 

Aerobacter 

“Intermediate” 

Unclassified 

Number 

Per 

cent 

Number 

Per 

cent 

Number 

Per 

cent 

Number 

Per 

cent 

Feces 

5010 

4308 

86.0 

273 

5.4 

354 

7.1 

75 

1.5 

Urine 

453 

235 

71.7 

172 

38.0 

46 

10.3 

0 

0 

Unpolluted soil 

527 

54 

10.3 

400 

75.9 

63 

11.9 

10 

1.9 

Remotely polluted soil 

340 

89 

26.2 

173 

50.9 

72 

21.2 

6 

1 7 

Recently polluted soil 

1698 

430 

25 3 

1078 

63.5 

146 

8.6 

44 

2.6 

Miscellaneous soils*. 

799 

164 

20.5 

468 

58.6 

142 

17.8 

25 

3 1 

All soil isolations 

3364 

737 

21 9 

2119 

63 0 

423 

12.6 

85 

2.5 

Unpolluted water 

4209 

1441 

34 2 

1897 

45 0 

616 

14.7 

255 

6.1 

Polluted water , 

2452 

1441 

58 7 

707 

28.8 

190 

7.8 

114 

4 7 

Miscellaneous waters*. 

10482 

5880 

56.1 

2283 

21.8 

1694 

16.2 

625 

5.9 

All water insolations 

17143 

8762 

51.1 

4887 

28.5 

2500 

14.6 

994 

5 8 

Milk 

2316 

661 

28 5 

1147 

49.5 

470 

20.3 

38 

1.7 

Dairy products 

195 

88 

45.1 

81 

41.5 

26 

13.3 

0 

0 

Eggs 

401 

155 

38.7 

203 

50.6 

43 

10.7 

0 

0 

Hay and grain 

723 

114 

15.8 

532 

73.6 

64 

8.8 

13 

1.8 

Olives 

156 

0 

0 

110 

70.5 

46 

29.5 

0 

0 


* Not possible to differentiate type of water or soil from which cultures were isolated. 

mining the V.-P. and particularly the methyl-red reactions, as for example the 
tendency to incubate at 37°C. 


III. DISCUSSION 

The “Intermediate” cultures herein reported were collected and studied 
over a ten-year period. During this time, no unusual characteristic irregu- 
larities or “variants” have been noted except those which were discounted as 
due to previous incorrect allocation. As already emphasized, use of inadequate 
methods of determining the V.-P. reaction and the use of 37^C rather than 30°C 
for incubation accounted for most of the “variants.” 
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It is important to note, however, that in one instance true Escherichia coli 
cultures had been previously diagnosed as ‘‘Intermediate*’ because Simmon’s 
citrate agar made with tap water had been used for differential purposes. It is 
known that agar contains growth-promoting factors. Koser’s citrate medium 
carefully prepared to avoid chemical contamination should be used for deter- 
mining whether coliform cultures can use the citrate radical as a sole source 
of carbon. 


IV. SUMMARY AND CONCLUSIONS 

The “Intermediate” group consistutes a distinct section of the coliform bac- 
teria and may be differentiated from both Escherichia and Aerobacter. 

The “Intermediate” section differs from true Escherichia in that the former 

(1) utilizes the citrate radical as a sole source of carbon in an otherwise inorganic 
medium, (2) produces H 2 S in proteose peptone, ferric citrate agar, (3) de- 
composes cellobiose, (4) uses urea as a sole source of nitrogen but does not use 
uracil, (5) does not grow well at 45°-46®C (Eijkman test) and (6) is not resistant 
to boric acid. 

The “Intermediate” section may be differentiated from true Aerobacter in 
that the former (1) does not produce acetylmethylcarbinol from glucose (V.-P.), 

(2) is methyl-red positive, (3) generally produces H 2 S in proteose peptone, 
ferric citrate agar, (4) does not utilize uric acid, uracil, yeast nucleic acid, 
allantoin or hydantoin as sole sources of nitrogen, but does use urea, and (5) 
does not decompose sodium malonate. 

The “Intermediate” coli-like bacteria are markedly group specific in their 
reaction to bacteriophages and to metabolites from staled agar, as shown by the 
work of Powers and Levine. 

The “Intermediate” bacteria are most closely related to the organisms of 
the genus Escherichia from the standpoint of the physiological similarity in 
the metabolism of glucose. For this reason the cultures studied were allocated 
to the genus Escherichia, stressing, however, that until the question of natural 
habitat of the “Intermediate” section has been more conclusively proved it is 
desirable to segregate such cultures from true Escherichia coli which is conceded 
to predominate in the feces of vertebrates. 

On the basis of statistical correlation, two species of “Intermediate” coli-like 
bacteria were recognized. The predominant species, Escherichia freundii, was 
represented by 196 cultures. The remaining 27 cultures were described as 
Escherichia intermedium nov, comb. A new description of Escherichia inter- 
medium is also given. 
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RAPID DEMONSTRATION OF HEMOLYSIS DUE TO ANAEROBES 
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In 1942 Brewer described a glass Petri dish cover and an agar which could be 
used without an anaerobic jar to obtain surface colonies of anaerobes. To 
investigate the usefulness of this procedure in the detection of hemolysis by 
anaerobic organisms, a series of experiments was performed with Clostridium 
hotvlinum, C, histolyticum, C, novyi, C. perfringens, C. septicum^ C, sporogeueSj 
C, tetani and two strains of streptococci. 

‘‘Anaerobic agar’’^ containing thioglycoUate and sulfoxylate, with and without 
glucose, and with and without methylene blue, and ordinary infusion agar were 
used in Petri and Brewer plates. The media were cooled to 50°C. before the 
addition of blood; defibrinated rabbit and sheep blood and citrated human 
blood were employed with good results. The inoculum and 0.5 to 0.8 ml. of 
blood were mixed with 15 ml. of each medium and, when this had hardened in 
the bottom of a Petri dish, it was covered with 10 to 25 ml. of the same or 
different agar to make a seal with a Brewer lid. Brewer lids were substituted 
for the covers of half of the plates. In 10 ml. dishes with Brewer lids, the second 
layer was unnecessary when a little more blood agar was used. To obtain 
surface colonies the fluid blood-agar mixture was inoculated and poured over a 
layer of agar without blood, or the blood agar was allowed to harden and was 
then streaked. Cultures were incubated at 37.5°C. 

The most satisfactory medium was a modified agar having the formula: 
polypeptone, 20 g.; sodium chloride, 5 g.; sodium thioglycoUate, 2 g.; sodium 
formaldehyde sulfoxylate, 1 g.; agar, 20 g.; and water, 1000 ml. The medium 
induced rapid growth and hemolysis when used alone or as a second layer over an 
infusion blood-agar preparation. It was necessary to inoculate lightly so as 
not to obscure the pattern of hemolysis. Properly prepared plates had a light 
rose-red color instead of the orange-red of oxyhemoglobin and spectroscopic 
examination of the plates revealed the absorption spectrum of hemoglobin. 

In the presence of reducing substances, visible growth and hemolysis appeared 
in 18 to 48 hours, usually within 24 hours. In preparations made entirely with 
infusion agar, only C. sporogenes and C. histolyticum, of the bacilli studied, 
grew as readily as on agar with special reducing agents. Agar with glucose was 
unsatisfactory for some species because it enhanced gas production. 

In Brewer plates prepared with the modified agar, one or more characteristic 
zones of hemolysis formed around colonies. Poured plates gave the best 
results, and C. novyi and C. perfringens developed more elaborate patterns than 

^ Supplied by the Baltimore Biological Laboratory. 
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indicated by Reed and Orr (1941). On streaked plates surface colonies grew 
well and hemolysis occurred, but the zoning was less definite. 

In Petri plates subsurface colonies showed true hemolysis and, usually later, 
green areas also developed. The color of the medium in regions unaffected by 
the colonies gradually changed from the “Burgundy red” to a more crimson 
shade. The nature of these changes is now being investigated. 
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A definite and rapidly fatal infection of the human subject with Chromohac- 
terium violaceum, var. manilae afforded the culture concerned in the present study. 

It is noteworthy that heretofore there have appeared in the literature only 
two reports concerning infection of the human subject and one of several carabao 
or water-buffalo with the microorganism usually termed Bacillus violaceus. It 
is of additional interest that all such infections in man or animal have sooner or 
later proved fatal to the invaded host. 

It seems probable that C, violaceum has, in general, been erroneously con- 
sidered as a distinctly non-pathogenic saprophyte because of lack of regard for 
group differentiation. Without proper recognition of variance for separate 
species as regards pathogenicity, it becomes difficult to comprehend that a sup- 
posedly innocuous chromobacterium should rarely become not only pathogenic 
but also possessive of death-producing virulence. Because of such facts, it 
appears in order to present briefly the salient features of the present day knowl- 
edge appertaining to C. violaceum. 

THE MICROORGANISM 

This organism, a gram -negative, motile bacillus, first described by Schroeter 
in 1872, represents the type species of the genus Chromohactcrium of Bergonzini 
(1881). A complete description of this group of microorganisms is given by 
Ford (1927). In as much as those working in the field of pathogenic bacteria 
have little if an}^ knowledge of the many allied saprophytic varieties of this group, 
a review of this subject as presented by Ford will be found of value. 

The particular strain studied by us conforms, in general, to that described by 
Woolley (1905) in an indefensible trinomial form as violaceus Manilae.^' 
The morphological and biological characteristics of this bacillus will not be re- 
counted in detail. Contrary to many members of this group, the optimum tem- 
^perature of cultivation is 37°C. Upon potato media this organism presents a 
pi:ofuse rich violet growth, the purple pigment diffusing into the water of con- 
densation. Its strong aerophilic proclivity is most striking as demonstrated 
by its surface flotation growth on tubed liquid media and heavy surface growth 
upon stab culture. Only scant, noii-pigmented growth occurs along the stab 
beneath the surface. It liquefies gelatin to only a slight extent. Certain bio- 
chemical reactions upon various carbohydrate serum waters and pigment solu- 
bility in alcohol are quite consistent. As for other strains wherein the microor- 

1 Aided by a grant from the David Trautman Schwartz Research Fund. 
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ganism was of proven pathogenicity, no e\adence of definite soluble or exotoxin 
production could be demonstrated. 

The generally accepted opinion regarding the non-pathogenic and saprophytic 
nature of violaceus^^ forms a distinct paradox to the high degree of patho- 
genicity for laboratory animals manifested by the cultures isolated from the few 
reported human cases. 


DISEASE PRODUCTION 

As stated, the instances on record wherein C. violaceum has demonstrated a 
definite pathogenic role are very limited. They consist of observations upon 
lower animal infection and in addition, two human invasions. These may be 
briefly summarized in chronological order: 

In 1905 Woolley, described several fatal cases of infection in carabao or water- 
buffalo in Manila. These animals died suddenly with symptoms of acute hemor- 
rhagic septicemia. Necropsy showed enlarged injected lymph glands and the 
lungs were studded with small firm gray nodules. C. violaceum was recovered 
from cultures of the lymph nodes and lungs. Since he could find no reference 
in the literature to the pathogenicity of C. violaceum, Woolley carried out rather 
extensive animal experimentation. He succeeded in reproducing the lesions of 
the carabao in various types of small animals by inoculation of the microorganism 
and was able to recover it in pure and abundant culture from the lesions and 
the heart’s blood. He did not find evidence of any soluble toxin production 
for his strain. He termed this microorganism violaceus Manilae.^^ 

Black and Shahan (1937), in Florida, reported what was apparently the first 
instance of definite infection with C. violaceum in man. The case was that of a 
six-year-old boy in whom C, violaceum was recovered from persistent ‘‘anthrax- 
like lesions” of the trunk and upper extremities. 

This patient apparently had been perfectly well until the onset of his infection. 
He had waded in a pool two or three days previously. His first complaint was 
pain in the inguinal region and he presented later an acute inguinal adenitis. 
There eventually occurred multiple “anthrax-like lesions” over the trunk and 
upper extremities which were surrounded by a pustular ring showing a distinct 
violet color. Smears from these lesions showed a slender gram-negative bacillus. 
Culture on agar produced deep violet colonies. Agglutination tests were positive 
with dilutions to 1-1280. One rabbit was injected subcutaneously with a bouil- 
lon culture and died 48 hours later. (7. violaceum was recovered in pure culture 
from the liver, lungs, spleen, kidneys, heart’s blood, and site of inoculation of 
the animal. Following a stormy course the patient’s skin lesions finally healed 
and he apparently recovered. It is to be noted, however, in a subsequent 
report of Soule (1939) in referring to this child that he reappeared thirteen 
months later with severe cervical adenitis, high fever and prostration. The 
adenitis abated and the body became covered with lesions varying from minute 
vesicles to large gangrenous areas. The boy died fifteen months after the origi- 
nal onset of his illness or thirteen months after the apparent healing of the 
original skin lesions. C. violaceum was the only organism ever incriminated 
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during the course of his infection. Unfortunately no necropsy was performed 
through which further study could have been made. 

Tn 1939 Soule, in Michigan recorded the second fatal instance of human infec- 
tion in which C. violaccnm was isolated. The ncT'i'opsy protocol of this case 
was present(Kl by Wc^ller. Pure cultures were obtained from the heart’s blood, 
spleen and liver of a girl of fift(Mm years. This patient for nin(» months jirior 
to death had suhVu’ed from a cervical adenitis which was diagnosed clinically 
and by biopsy, as t-ulxurulosis ('V(m though C. violaccnm was isolated from “pus” 
aspirated from the lesion. The tuberculin test, X-ray of the clu'st, as well as 
special cultures and guint'a pig inoculation reveah'd no evidence of luber(*ulous 
inh'ction. Th(' rnatcu-ial for animal injection was as usual, first treated with 
4^'^; potassium hydi-oxide. This (‘hemical treat iiKUit apparently killed any 
C. violaccnm pr(‘s(Uit and would account for its failure to infect the animal. At 
n(‘cropsy of the patiemt, focal necrotized lesions \v(‘r(^ found in the lungs, splccm, 
liver and pelvic peritoneum which grossly resembled tubei’culosis. Histo- 
logically th(‘s(' l(\sions proved to b(‘ of a necrotized, proliferative* and, to some* 
(*xt(*nt, j)yogenic type p]*cs(*nting no essential evid(*nce of tuberculous r(*action. 
C. violaccnm was l•(*covel•ed from the* heart’s blood and “pyemie* al)scess(‘s” in 
the liv(*r. The sti-ain of C. vtolacami isolated in this ca.'^e was comjjare'd by 
Soule with the* culture of Black and Shahan and with “2 old laboratory strains” 
of C. violaccnm, Kach strain produc(*d the characteristic deep viol(*t color in 
vitro, and the* 4 strains appeared to be* id(*ntical morphologically. (Vrtain 
cult ural differ(‘nc(*s were, however, noted. With (*xperimental animals, he* found 
that broth suspensions of each of the 4 strains were toxic in quantiti(*s of 0.5 ml. 

In our r(*c(*ntly (*ncounter(*d instanct*, the* infection of C. violaccnm denioii- 
strat(*d a rapid and fulminating invasion of the human subject. The* patient 
^^as a robust young coloi(*d man who })reviously had enjoy(*d (*xcellent health. 
Ther(* was no history of protracted or obscure infection occurring ov(*r many 
months as in tin* other r(*ported cases. A rapid and definite invasion by C, 
violaccnm occurred through a thorn \^ound of the foot with resulting inguinal 
adenitis, s(*ptic(*nua (positive blood culture) and death of the patient seven days 
aft(*r the on.s(*t. Tlu* details of the clinical case including the summarized 
n(*crop.sy arc* r(*ported els(*where (Schattenberg 1941). 

At necropsy cultur(*s wei*e })repared upon various typ(*s of media from the 
lesions of tlu* liv(*r, lungs, inguinal lymj)h nodes and heart’s blood and all of 
these yielded heavy growths of C. violaccnm, 

S\LIEXT A.ND COMPARATIVE PATHOLOGY 

A marked necrosis of the inguinal lymph glands and diss(‘miiiated bizarre- 
shaped pulmonaiT and hepatic nodules repres(*nted the* tangible gross patho- 
logical factors present in this case. From the microscopic* standpoint, the* out- 
standing cdiaracteristic feature consisted of necrosis with comparativedy little 
cc*llular response (figs. 1 and 2). 

The nc*crosis did not conform grossly to the curdy or gi*anidar aspect of casea- 
tion nor was it similar to the pathologmal aspect of c'oagidation necrosis. It 
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had in the gross, the firmness of the latter lesion but mieroscopieally conformc^d 
to the former oi’ tuberculous ne(u*osis. En masse, however, as found in the 
extensive glandular lesions there was evidence of liciiu'faction necrosis. 

The reportcid instances of human infection with C. violaccmn by l^lack and 
Shahan, and Soule present a clinicopathological aspc'ct different from th(‘ present 
case. In the report of Black and Shahan, while systt'mic symptoms wen^ re- 
corded, the external skin lesions were emphasiz('d. Inguinal adenitis had oc- 
curred in the early ons(ff. and eventually, after some months, extensive cervical 
adenitis developed during what was (HUisidered a “flare up” or recrudescence 
heading to di'ath. llnfortunab'ly no necropsy was held and no bactei’iological 



Fig. 1. Photomicrograph ok Human Inguiwg Lymph CJland 
A i)pr()\imatoly two-thirds of tlu* riKht portion d(*monstrat(*s (‘\t(‘nsiv(‘ necrosis of the* 
lymphoid structuro. X 151). 

study during the terminal “redapse” was report'd. Th(' total period of time 
involv(Kl from infection to death was fifteen months. Tlu* report of Soule has 
as yet appeared only in abstract form. This cas(‘ was also of protracted dura- 
tion, lasting nine months. A massive cervical adenitis was considered as tuber- 
culous although only C. violaccum had been recovered by aspiration from th(' 
lesion. While a biopsy indicated possible tuberculosis, all efforts to demon- 
strate Mycobacterium tuberculosis failed, including special culture and guinea 
pig inoculation. The validity of infection by C. inolaceum appeared, howc'ver, 
to have Ix'en (\stablished through the necropsy, at which time this microorganism 
was recovered from the lu'art’s blood, liver and lung lesions. The pathology of 
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the cervical fj;lan(ls i‘epi-esented both a chronic proliferative and pyop;enic type* 
of reaction. This work is to he published moi*e fully at a later time aft(*r con- 
tiniK'd study and observations have* been (*ompl(*t(*d. 

It is not(*worthy that marke'd adenitis has been found in all recorded human 
cas(‘s. Wooll(‘y also rioted in tlie carabao mark(‘d enlarfj;em(*nt of the pre- 
scapular glands. The* rapidly fatal manif(*stations oliserved in these animals 
sugg(‘st(*d to him lu'morrhagic septicewia of cattle. The descriiitioii of the 



FkJ. ‘2. PllOTOMK’IlOdKMMI OKA NeC’ROTIC ArEA IX THE HuMAX LuNG 
Extensive tissiK’ (l(\strurt loll and karvoi rlit'xis with n'sultant roiifliKMice oi structure is 
present. X 100. 

lesions found tit neci*opsy by \Vooll(\v confoiTiied in general to those observed 
in our human subject. He obtained positive cultures of C. violaccum from the 
lymph nodes and lung lesions. Ilis cultures proved pathogenic for many 
types of lower animals. lit* was convinced that C. violaccum was tlu* causative 
factor of infection in the carabao. It may be stated that in general the clinical, 
bacteriological and pathological featui*es of tin* human inh'ction herein concerned 
conform(*d in all i*espects to thost* reportt'd by Wooll(‘y in the carabao. 
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EXPERIMENTAL 

Certain phases of ('xi)erimental study have bc'en undertaken by us with the 
culture of C, violacevm isolated from the human infection hendn described. 
These consist of studies upon pathogenicity with r(‘produ(*tion of the disease 
in the lower animals, mouse protection against infection and (experimentation 
appertaining to the probable route of infection. One of us (Schattenberg 1940- 
1941) has recently piTscmted pi-eliminary reports upon certain of these observa- 
tions. It is intended herein to stn'ss esp(ecially the salic'iit observations upon 
the pathogenicity of this strain for experimental animals and to d('al bi’iefly 
with the experinu'nts upon protection against infection as wc'll as thos(‘ bewaring 
uiion the probable route of invasion by C. violaceum. 

Pathogenicity 

In all, fifty white' mice, twedve rabbits, and ti'ii guinea pigs were utilizc'd. 

White mice. The cultun's ('mployc'd we're principally subculture's of that 
re'covered from the human host. Thc'se cultures we're' grown in glucose' broth 
and on nutrie'iit agar. The injections of suspe'iisions containing approximate'ly 
one billion microorganisms per ml. wei*e given intra-abdominally. All inje'cte'd 
animals died and C. violaceum could readily be' i*(^cejv('re'd fi'om the' iieritone'al 
cavity and heart’s blood. Where gross le'sions were evide'iit in the' lungs, live'r 
and sple'e'ii, positive culture's were obtained therefrom. Death of tlu'se' animals 
occiirre'd in from ten hours to three days, according not only to dosage' but the' 
media upon which the culture' was grown. It was notenl that the' broth culture's, 
eve'll in smaller doses, prove'd more virulent than the' washings of the' solid 
slanted medium. The dose's of each type of suspension varie'd from .05 ml. up 
to 1 ml. In those animals that survivenl for thire days gross lesions we're' found 
which conforme'd to those de'seribe'd in the' human case. Mie'roscopically the' 
pathological changes were likewise similar. In the' animals ()\T'rwh('lme’d within 
a few hours, no disce'rnible lesions e'ould be found with the' nake'd eye and only 
slight pare'nchymatous degenei’ative change was noted mici-oscopically in the' 
live'!*, kidneys and sple'e'n. 

Rabbits. Twe'lve animals were e'mploye'd, six receiving intiave'iious injec- 
tions and six others, intra-abdominal injections. l"he i*abbits give'ii intrave'iious 
injections, rece'ivenl 1 ml. of a saline suspension of C. violaceum which was maik- 
edly chromogenic and had been grown on nutrie'iit agar. The suspe'nsion was 
diluted to contain one billion microorganisms per ml. Following these injec- 
tions all animals died within twenty-four hours. Xecropsie's showed no gross 
lesions. C. violaceum, however, was readily recovered by culture from the 
lungs, liver, spleen, and he'art’s blood. Microscopie'ally, de'ge'iierative changes 
were note'd in all organs, Init particularly in the liver. 

Six othei* animals WTre injected intra-abdominally with varying amounts of 
a C. violaceum broth culture. Increasing amounts of 0.5 ml., 0.75 ml., 1 ml., 
1.5 ml., and 2 ml. were give'n respectively. The two rabbits rece'iving the 
larger amounts, i.e., 2 ml. and 1.5 ml. dml in twe'lve and twenty-four hours 
respectiveily. C. violaceum w^as recove'red by culture from the organs and heart’s 
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blood. The two rabbits receiving 1.25 ml. and 1 ml. sur^dved for five days. 
At necropsy the lungs (fig. 3), liver and spleen showed yellowish-white necro- 
tized areas varying from 1 mm. to 4 mm. in diameter. On microscopic (exami- 
nation these foci showed a central necrosis of tiu' parenchymatous cells with a 
peripheral zone in whi(*h the tissue (*ells showed degenerative changes. There 
was only a slight cellular response which consistc'd mainly of an occasional 
neiitrophile, and a few lymphoid and plasma cells. 

The lesions, both grossly and microscopically, bore a striking resemblance 
to thos(‘ in the human infection. As in the human case' studie^d by us, no violet 
color of the kvsions was noted in the experimental disease. C. violaceum was, 
however, n^adily recoverable on cultun* from th(' organs and also the lu'art’s 
blood and prescuited the rich violet chrome. 

The two rabbits I’eceiving 0.5 ml. and 0.75 ml. respectively have survived. 



3. Lungs from Rabbit Survivin(; for Five Days Subsequent to Intrvabdomin\l 
Injection of 1L molaceus 
Note suhplcural nodules present in both liiiiKS 

(r Ulrica A group of ten animals wen' injected intra-abdominally with 

susjtensions of C. violaceum. The organism was gi’own on nuti-i('nt agar slants, 
waslu'd off with sterile saline and the suspension dilut('d to contain 1 liillion 
bacteria per ml. Five guinea pigs luceivt'd 0.25, 0.5, 0.75, 1.0 and 1.5 ml. 
r(‘sp('ctiv(*ly of this suspension. Three of thi'se animals dic'd within twenty- 
four hours. Necropsy showt'd occasional minute white scatteix'd areas in the 
liv('r on gross ('xarnination. Tlu^ lungs appt'arc'd congestc'd. Alicros(*o])ically 
the liver cc'lls were' gi’anular and nc'crotic, pi-esenting fragiiK'iitc'd nuclei. C. 
violaceum was cultuivd from the h('art’s blood and pan'iichymatous organs. 
Two rciinaining guinea i)igs which received 0.25 and 0.5 ml. survivt'd. Another 
group of five guinea pigs were given intra-abdominal inj('ctions o( a broth 
culture of C. violaceum in similar amounts and also dilutt'd to contain aiiproxi- 
mately 1 billion bacteria per ml. All of the animals in this group di('d within 
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sixteen hours. On histological examination the parenchymatous organs showed 
toxic degenerative changes, especially in the liver. The hepatic lesions showed 
sw’ollen, granular changes in liver cells with occasional focd w^hich prescmted areas 
of marked necrosis. C. violaceum wan recovered from the heart\s blood and 
organs. 


Route of infection 

Because of the history of a splinter w’ound in our human case and th(‘ probable 
invasion through surface injury w^ith adenitis in onc^ other reported human 
case as w’ell in the infected carabao or water-buffalo, it w^as (^onsidc^red that skin 
surface abrasion might have been the portal of entry of infection. Accoidingly, 
experinumts w^c're carried out wdth rabbits and white mi(*(' w'h(*rein surface* 
injury w^as produced and liability of infection with C. violaceum renden'd likely. 

In five rabt)its, the fur of one hind paw' w^as clipped and an incision a])])roxi- 
mately 1 cm. in length was made through the skin and into the subcutaneous 
tissues. Splinters consisting of small portions of tooth-])icks m(*asuring approxi- 
mately (i mm. in length were dipped in a suspension of li^'ing C. violaceum and 
inserted in one* end of this small incision. Three additional I'abbits, aft(*i- 
clipping the fur on the foot, received small crucial incisions down to the subcu- 
tane'oiis structure*. The wounds w’ere then sw’al)beel with a broth eailture* e)f 
C. violaceum. Oozing of fluid w^as pre*sent in the fre*sh wenmel, heuice on the 
fe)llow'ing day, the crust w’as remove*el and a similar swabbing carrie*d enit. 

The five rat)bits ree*eiving the* infecte*el splinters she)W'ed swelling and r(*trae*- 
tion e)f the infecteel limb within tAventy-femr hours and became de‘finitely ill. 
(.)ne* elied in four days anel tw’o others in e*ight anel nine* elays respe*e*tive*ly. The 
tw’o re*maining I’abbits survive*xl. 

The nee*re)psie*s of these animals all re*vealeel i)athole)gical e*vide*ne*e*s of se\’(*ie‘ 
C. violaceum infectie)n, le*sions be*ing pre*sent in the he*art, lung anel liver (fig. 4). 
Oongestiem and swelling of lymph nodes was pre*sent alemg the path e)f invasion 
e*specially for those* animals surviving foi- the longer pe*rie)ds. The* gross anel 
microscopie* study was similar te) that alreaely de^scribed. C. violaceum was 
re‘covereel in culture from the affected organs and the heart \s ble)e)el e)f all animals. 

Of the three rabbits wherein e*rucial incisions we'i’o maele anel exj)e)sure* to 
living C. violaceum, suspe*nsion had occurre*d, twe) showx*d swelling and oe*elema 
e)f the infected fe)e)t and leg. One died in eleven days and ane)ther in two wx*eks. 
The i-ernaining animal survi^T*el. The necropsy findings in these* animals were 
similar in all regarels te) those* of the rabbits receiving splinte'rs immersed in the 
C. violaceum suspensions. Four control rabliits whereun the fur was clipped but 
ne) abrasions of the paws were ])res(*nt, were swabbed in this are*a wuth a sus- 
pe*nsie)n of living C. violaceum but remaine*el unaffected. 

IVenty wdiite mice were* also submitted to C. violaceum infectie)n. In ten of 
these, one e)f the hind fe)ot-i)ads was scarifie*d te) the* subcutaneous strue*ture. 
The feet of these ten together with the f(*e*t of the te*n contre)! mice were* elipped 
into or swabbed with a dilute* suspension of living C, violaceum for a period of 
a minute on two successive days. Of the ten mice in w^hich scarifieel wx)unds 
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had been produced, eight were preceptibly sick in four to six days. Tn foui* of 
these animals wherein death was impending, cultunvs were mad(‘ from the 
heart\s blood and yielded heavy growths of the chromogcmic bacillus. Four 
others died twenty -four to forty-eight hours latc'r. Two mice remained normal 
except for some temporary impairment of function in the affected leg. The 
inh'cted animals, as in the instance of the rabbits, showed swelling and retraction 
of the leg wherein infection had occurred. All of the control mic(' remaiiu’d 
normal . 

Th(' necropsies of th(' infected mice all revealed the sam(‘ bactc'riological and 
pathologi(‘al findings as for th(^ infected rabbits although s(»veral of these mice 
show('d unusual multiple scn^ding of very small lesions, particularly in th(' liver. 



Fk;. 4. Liver of K\bbit that Died Nine Days Scbsequent to Introduction 
OF Splinter Infected with B vioi.^ceus 
N(*crotic foci of varyinjj; sizes scattc'rcd bciH'ath Cllissori’s capsiih' 

It is evid(‘nt from this seri(\s of experiments that C. violaccum may readily gain 
access to the host, causing infection and death, by route of body surface injury. 

Protect ion again at t nf (xt i on 

In white mice that had been tested for the toxicity of Seitz filtrate's of broth 
cultures with negative results, it was noted that when these were grouped with 
normal animals and injected with living culture' the\v re'inaineKl unalfecteel, 
where'as the normal animals dieel. Accendingly, tests were carried out to as- 
eu'rtain the cejnstancy of such eibservations. Iweaity white' mice ree'e'iAeel two 
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intra-abdominal injections of 0.5 and 1.5 ml. of Seitz filtrate from broth cultures 
of C. violaceum grown for twenty-four and ninety-six hours apart. Two days 
subsequent to the last injection, all animals wen^ injected intraabdominally with 
0.1 ml. of a suspension of living C. violaceum. Twenty normal mice were used 
as controls for the pathogenicity of the same living suspensions, 10 receiving 
0.1 ml. and 10 .05 ml. intra-abdominally. The protection afforded was complete, 
in that the twenty mice previously injected with broth culture filtrate survived 
whereas all controls died within three days. Thre(' weeks of observation with- 
out apparent illness was considered as a survival period. In order to ascertain 
if the protein of the media may have occasioned reactions and thereby blocked 
invasion, five white mice were administered sterile nutrient bouillon intra-ab- 
dominally. This was given in the same doses and time intervals as for the broth 
culture filtrate and similarly 0.1 ml. of the living C. violaceum suspension was 
injected two days later. All of these animals subsequently died in from 24 
to 72 hours. 

It is apparent that definite protection against a lethal dosc' of C. violaceum 
is afforded by the broth culture filtrates. We have not as yet determined 
the matter of its specificity. It is evident that the bouillon also did not occa- 
sion an inflammatory protective reaction. Further work is in progress upon 
this problem relative to the specificity or simple local reaction affording pro- 
tection. 


COMMENT 

It is noteworthy in the infection by C. violaceum presented herein as well as 
those observed in the carabao or water-buffalo, as rei)orted by Woolley, that 
the infection was rapid and fulminating in its clinical course, proving fatal in 
a brief period of time. 

In our case and probably those of the carabao, infection of the feet and in- 
volvement of drainage lymph nodes represented the mode of invasion. Woolk^y 
refers to the adenitis present in the prescapular glands. Th(' reports of Black 
and Shahan and of Soule show, on the other hand, a V(U’y protracted illiKs^s with 
an enduring cervical adenitis and ensuing death after many months duration. 
In Black and Shahan^s report, howev(»r, then* was a histoi y of priirary inguinal 
adenitis. It appeal’s rather remarkable that only these fc^w authentic infections 
with this supposedly non-pathog('nic microorganism have been recorded and 
furthermore that all have resulted in fatality. Black and Shahan’s nqiort 
piesents the only notation of manifestation of a viol(4 pigment in th(' lesions 
produced. 


Bacteriological considerationfi 

It has h('r('t()f()re been generally repres(Uit('d that C. violaceum is rath(‘r ubi- 
quitous in its distribution. This fact is recognized in certain geographical 
areas as regards tlu' field of general bacteriology^ We are informed by Dr. 
A. T. Hcmrici that those* working extensively with natural waters are well 
acquainted with this group of microorganisms. He estimates that violet 
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colonies have appeared on plates made from about one out of twenty samples 
of lake water. In our experience and those here locally with whom we have 
conferred, its occurrence, even as a contaminant, has not been observed in 
medical bacteriological routine examination. In regard to food-stufifs, one of 
the members of the Federal Pure Food Division informs us that in an experi- 
ence of five years in the examination of foods, often of contaminated character, 
he has never encountered this group of microorganisms. Even the variants of 
Chr<yntohacterium violaceum that have been described, appear as of rare medical 
bacteriological occurrence. In this connection we have communicated with 
investigators in medical bacteriology in various sections of the United States 
as to their observations upon this group. The responses, all of negative char- 
acter, are as follows: Parker at Boston has never encountered these micro- 
organisms in routine bacteriological laboratory examinations amounting to 
approximately 20,000 per annum. Feemster also at Boston reports no personal 
contact. He states that others in the Public Health Division have seen violet 
colonies in the examination of water supplies. Bayne-Jones at New Haven, 
Turner at Baltimore, Hektoen and Cannon in Chicago, Meyer at San Francisco 
and Bohls at Austin, all report negative experience for C. violaceum. As this 
information is from representative men of experience who are located in widely 
distributed areas, it appears fully justifiable to state that this microorganism 
is encountered very rarely in the field of medical bacteriology in this country. 

Because of the rich purple and violaceous chromes produced by these micro- 
organisms, they must necessarily attract attention in examination of bacteri- 
ological plantings or of cultures made in routine examination. In addition to 
this fact this group grows very readily upon ordinary culture media. Because 
of these two features it is evident that any widespread distribution would neces- 
sarily be noted by those working in the field of medical bacteriology. 

While C. violaceum, without differentiation, is generally considered sapro- 
phytic and non-pathogenic, it appears evident that in those instances wherein 
the pathogenic type has been isolated as the infectious agent, it has proven to 
be fatal to the human subject and consistently and promptly pathogenic 
in its effect upon the ordinary laboratory animals. We have observed that this 
property of pathogenicity remains constant although the microorganism has 
been perpetuated by sub-cultures for many months. Thus, our own strain 
now in continuous cultivation for over five months and likewise the strain of 
Black and Shahan received in this laboratory more than two years ago, still 
demonstrate strong pathogenicity for laboratory animals. Certainly there is 
no sudden reversion to an innocuous character manifested by these cultures. 
There seems but little doubt that the general statements regarding absence of 
pathogenicity have been applied to C. violaceum considered as one microbr- 
ganism without recognition of distinctive types. It has not been universally 
appreciated that while members of this group show relationship in color, they 
differ distinctly in cultural activities and inoculation effects upon animals. 

Although highly pathogenic for lower animals, the Seitz filtrate obtained from 
broth cultures of the present strain, grown for a period of a week or more. 



520 


HERBEBT J. SCHATTENBERG AND WILLIAM H. HARRIS 


fail to reveal any potent action upon animals. It is, however, noteworthy in 
this regard that white mice receiving two injections of such filtrates are immune 
to injection of the living bacilli in dosage even twice as large as those killing 
control animals within twenty-four hours. 

It has been shown herein through animal experimentation, that surface in- 
juries form plausible atria and routes of infection and invasion with C. tnolaceum. 

Pathology 

The gross pathology of both the human being and the carabao wherein 
fulminating infection and death have occurred reveals a rather consistent pic- 
ture. This is evidenced by nodular lesions varying from minute foci to those 
as large as 1 cm. in the longest diameter. They may be rounded or oval in 
shape but are usually of bizarre or irregular outline. Their color is generally 
a dirty white. They are of firm consistency although appearing somewhat 
granular upon cut surface. They are present more especially in the lungs, 
liver and spleen but may occasionally occur in other structures. When the 
drainage lymph nodes are involved, massive destruction and liquefaction may 
occur. Microscopically, the changes represent a granular necrosis of structure 
suggestive of escharotic action. The parenchymatous units, naturally, show 
more severe changes than does the framework tissue. There appears but 
little cellular or other exudative response on the part of the host although 
occasionally some lymphoid or polymorphonuclear neutrophilic cells may be 
present peripherally to the essential necrotized lesion. The experimentally 
produced lesions of the various animals employed reveal a distinct duplication 
of the natural disease both from the gross and microscopic study. 

Comparative considerations involved 

The vaiying clinical manifestations of infection in the human subject to- 
gether with the nonspecific gross and microscopic pathological picture although 
consistent in character, suggest the likelihood that other such occurrences may 
have passed unrecognized. The clinical findings are quite similar to those pre- 
sented in certain other disease entities such as fatal tularemia and Pasteurella 
pseudotuberculosis or rodentium infection. In this group, aside from somewhat 
similar clinical manifestations, the gross pathological findings consists of local- 
ized areas of greyish-white nodules in the lung, liver and spleen. An accurate 
differential diagnosis of these closely allied conditions depends obviously upon 
isolation of the etiological agent. Identification of C. violaceum is most simple 
because of the facility of its cultivation and characteristic rich violet pigment 
production upon the ordinary types of laboratory media. It is not unlikely 
that because of the simplicity of culture and the general acceptance of C. vio- 
laceum as a harmless pigment-producing saprophyte, its isolation in some in- 
stances has been regarded as a contaminant rather than as the true etiological 
factor which it represented. It is to be also noted that the simple finding of 
gram-negative bacilli in smears of lesions as well as uncertain agglutination 
reactions may form misleading factors of diagnosis in this allied group of dis- 
eases. 
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SUMMARY 

1. A fatal infection of a human subject with Chromobacterium violaceum, 
var. manilae, formed the basis for these observations. 

2. Two particular experimental observations have been made. First, the 
demonstration of definite pathogenicity and the reproduction of the disease in 
the lower animals and second, the protection afforded against experimental 
infection with C. violaceum by broth culture filtrates. In addition, it has been 
shown herein that fatal infection with this microorganism may be induced in 
animals through experimentally produced wounds of the feet, thus indicating 
a likely route of invasion in the natural infection of man or animal. 

3. Emphasis is laid upon the fact that, in at least medical bacteriology rou- 
tine, C. violaceum is not widespread in its occurrence in this country. Serious 
question is also raised as to the wisdom of regarding such cultures as innocu- 
ous or non-pathogenic saprophytes. 

4. It is stressed that C. violaceum has been in general, erroneously considered 
only as a single species. In reality, it is one of a group wherein cultural and 
biological methods permit of definite differentiation. There seems but little 
doubt that many of the other members of this group are truly non-pathogenic 
saprophytes. 

5. The culture concerned in the present observations conforms to that de- 
scribed by Woolley and identified by him as C. violaceum ^ var. manilae, 
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The most characteristic metabolic activity of streptococci is the fermentation 
of carbohydrates to lactic acid. Although this process accounts almost quanti- 
tatively for the carbohydrate fermented, Friedemann (1938, 1939) has shown 
that traces of ethyl alcohol and volatile acids occur when growing cultures 
ferment glucose, thus indicating that the predominant metabolic process of 
these organisms is not their only fermentative process. 

Using glucose as a substrate for dehydrogenation studies with methylene blue 
as hydrogen acceptor. Wood and Gunsalus (1942) have established conditions 
for the production of resting cell suspensions of streptococci with strong dehy- 
drogenase activity toward this substrate. In a search for other substrates 
which could be activated as hydrogen donors it was found that ethyl alcohol 
was even more active than glucose, while organic acids were inactive or very 
weak hydrogen donors. This result is opposite to that found by Quastel and 
Whetham (1925) in their studies of Escherichia coli. Although Escherichia coli 
produces considerable quantities of ethyl alcohol among its fermentation prod- 
ucts, it has only very weak dehydrogenase activity toward alcohols. 

This strong dehydrogenase activity of streptococci for ethyl alcohol led us to 
make the following study of alcohols in general with group B streptococci. 

EXPERIMENTAL 

Five strains of group B streptococci from the departmental culture collection 
were used. Three strains (Nos. 68c, 70b, and 83a) were originally isolated from 
milk. All had originally fermented lactose but at the time these experiments 
were performed two (68c and 70b) had lost the power of fermenting lactose. 
Two strains (Nos. Gl, 44P1) were from human sources; 44P1 isolated from 
human feces, and Gl from a kidney infection. Strain Gl did not ferment 
lactose when isolated. All strains were members of Lancefield’s group B hemo- 
lytic streptococci and had the usual physiological characteristics of this group 
of organisms (Sherman 1937). One strain of Escherichia coli (71) was carried 
in the experiments for comparative purposes. 

The cell suspensions were obtained as suggested by Wood and Gunsalus 
(1942). Cells grown 12 hours at 37®C. in a 1 per cent tryptone, 1 per cent yeast 
extract, 0.5 per cent K2HPO4, 0.1 per cent glucose medium were collected by 
centrifugation, washed once with J growth volume of m/30 phosphate buffer, 
pH 7.4, and resuspended in growth volume of the same buffer. The ability 
of the organism to activate various substrates as hydrogen donors was deter- 
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mined by observing the reduction of methylene blue in Thunberg tubes con- 
taining the following: 

In side arm: 1 ml. 1:4000 methylene blue. 

In tube: 2 ml. m/16 phosphate buffer pH 7.2, 1 ml. substrate (glucose m/20, 
alcohols 1%), 1 ml. cell suspension in m/30 phosphate buffer. 

After evacuation, the tubes were allowed to come to the temperature of the 
bath, the methylene blue tipped into the tube, and the time required for 90 
per cent reduction recorded. 

It should, of course, be realized that not all compounds activated by organisms 
need donate hydrogen to methylene blue under these conditions. Positive data 
so obtained, however, are useful. All the alcohols employed as substrates were 
Eastman Kodak products used without further purification; appreciable quan- 
tities of impurities in them would lead to erroneous results as only a very small 

TABLE 1 


Effect of ayhstrate concentration on reduction rate 
S. mastitidie (70b), (0.23 mg. bacterial nitrogen/tube) *7.2 40®C 


FES CENT ALCOHOL 

lONOTES FOS 90% HEDUCnOM OF 1:20,000 ICETHYLBNZ BLUE 

Ethyl 

Isopropyl 

Propyl 

20 

42 

>60 


15 




10 

2.4 


>60 

8 

2.0 


2 

5 

2.0 I 

1.3 

1.6 

2 

2.0 

1.2 

1.5 

1 

2.0 


1.5 

0.6 

2.0 1 

1.2 

1.5 

0.1 

3.2 

1.3 

1.5 

0.06 

5.4 


2.8 

0.02 

9.4 

2.5 

4.5 


amount of methylene blue is present (1.6 X 10”^ molar). Quantitative methods 
to determine the products formed would be indicated once it is known that a 
compound is activated by the organisms. 

Substrate concentration 

With glucose as substrate a final concentration of m/100 in the tube proved 
satisfactory. With alcohols any concentration added would be decreased by 
volatilization during evacuation, and, on the other hand, too high a concen- 
tration would be inhibitory. Table 1 indicates the range within which the con- 
centration of alcohol is not a factor in the reduction rate. As can be seen from 
the table, propyl and isopropyl alcohols are toxic at lower concentrations than 
is ethyl. However, any concentration from 0.5 to 5 per cent is satisfactory for 
these alcohols. On the basis of these data a concentration of 1 per cent alcohol 
(0.1-0.2 molar) was selected as satisfactory for dehydrogenase studies with 
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these streptococci. Quastel and Whetham (1925) found the inhibitive action 
of alcohols toward dehydrogenase systems of Escherichia coli increasing with the 
length of the carbon chain. In their studies the lactic and succinic dehydro- 
genase systems were inhibited by ethyl alcohol at about 25 per cent and propyl 
at about 10 per cent concentration. 

pH optimum 

In order to compare the rates of dehydrogenation of alcohols with that of 
glucose it would be desirable to work as near to the optimum of each as possible. 
As can be seen from table 2, the optimum range for glucose is slightly more acid 
than the optimum for the alcohols. A fairly broad optimum, half of a pH unit, 
exists for glucose and an even broader optimum for the alcohols. In order not 
to decrease the rate for glucose and still work near the optimum for the alcohols, 
a pH of 7.2 was used in subsequent experiments. 

TABLE 2 


Effect of pH on rale of dehydrogenation 
S, maatitidis (70b), (0.22 mg. bacterial nitrogen/tube.) 40®C 


pH IN THUSBXTXG 

ICINUTES FOS 90% EEOUCTION OF 1:20,000 METHYLENE BLUE 

m/ 100 glucose 

2% ethyl alcohol 

2% isopropyl alcohol 

6.8 

5.5 



6.1 

4.5 

3.5 

2.1 

6.4 

3.5 

3.0 

1.8 

6.8 

3.3 

2.5 

1.6 

7.1 

3.2 

2.1 

1.2 

7.3» 

3.1 

1.9 

1.2 

7.7 

7.5 

2.0 

2.3 

8.0 

11.3 

3.3 

3.5 


Alcohols dehydrogenated 

In order to determine whether other alcohols were dehydrogenated by these 
streptococci 5 strains were tested on a number of alcohols and glycols. The 
rates of dehydrogenation of the various alcohols, based on the time required 
for 90 per cent reduction of 1 : 20,000 methylene blue compared to the rate with 
glucose taken as 100, are given in table 3. Methyl alcohol was not activated by 
any of the streptococci, nor by Escherichia coli. The other normal alcohols from 
ethyl to amyl were all activated and were equal to, or more active than, glucose 
as hydrogen donors. Propyl alcohol was the most active of the normal alcohols, 
although only slightly more active than ethyl. Butyl and amyl alcohols ranged 
from activity equal to ethyl (two cases) to about half the activity of ethyl, or 
approximately equal to that of glucose. Among the secondary and tertiary 
alcohols, isopropyl, secondary butyl, and tertiary amyl were found to be very 
active hydrogen donors under the conditions studied. In fact, all three were 
more active than the normal alcohols, the activity ranging up to 6 times that 
of glucose in the case of isopropyl and secondary butyl. The high reactivity 
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of tertiary amyl is rather surprising. In view of the lack of hydrogen in the 
carbon atom to which the hydroxyl group is linked, it is difficult to write a 
reaction for the dehydrogenation, as an aldehyde or ketone could not be formed 
without breaking the carbon chain. Quantitative work with this substrate 
should yield interesting results. The oxidation products of the two highly- 
reactive secondary alcohols, isopropyl and secondary butyl, would not be as 
difficult to predict as would the tertiary amyl. The next secondary alcohol, 
2-pentanol, while having the same spacial arrangement of the alcohol group as 

TABLE 3 


Dehydrogenation of various alcohols by S. mastitidis 
(Rates compared to glucose 100) 


CXTLTOTS 

70b 

68c 

83a 

44P1 

G1 

£. coU 71 

Glucose Minutes 

4.5 

2.7S 

11.0 

3.0 

3.25 

0.50 

Glucose 

100 

100 

100 


100 

100 

Control 

<2 

<2 

<2 

<2 

<2 

<1 

Alcohols: 







Methyl 

<2 

<2 

<2 

<2 

<2 

<1 

Ethyl 

140 

170 

130 


185 

2.2 

Propyl 

165 

220 

200 

240 


2.0 

Butyl 

80 

180 

105 

150 


2.2 

Amyl 

no 

170 

90 



<1 

Iso-propyl 

260 

240 

625 



1.4 

Sec. butyl 

225 

275 

625 

225 


1.5 

2-Pentanol 

no 

no 




1.5 

Methyl -isopropyl carbinol 

30 

60 

40 

4 



Iso-butyl 

11 

20 

30 

30 

18 

<1 

Tert. butyl 

10 

<5 

<5 

<2 

<2 

<1 

Tert. amyl 

225 

275 

290 

120 


1.4 

Glycols: 







Ethylene 

<2 

<2 

<5 

<2 

<2 


Trimethylene 

180 

45 

25 

65 


9 

2,3 butylene 

53 

220 

730 



5 

Gylcerol 

<2 

7 

<5 

<2 

<2 


Mannitol 

<2 

<2 

<5 

<2 

<2 

25 


the 3 and 4 carbon secondary alcohols, has only about half the reactivity under 
the conditions used. Its reaction rate, however, is still equal to that of glucose. 
The other butyl and amyl alcohols tried were less active, ranging from half the 
activity of glucose with methyl isopropyl carbinol to no activity with tertiary 
butyl. Escherichia coli had only slight activity toward the alcohols. 

Among the poly-hydroxy alcohols these streptococci did not activate ethylene 
glycol nor mannitol, as hydrogen donors. The latter result agrees with fer- 
mentation data, mannitol not being fermented by group B streptococci. Tri- 
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methylene glycol was active as a hydrogen donor as was 2,3 butylene glycol. 
With 2 of the strains of streptococci the latter compound was the most reactive 
of those studieci. There is similarity in structure between 2,3 butylene glycol 
and the other secondary alcohols which were highly reactive, namely, isopropyl 
and secondary butyl. In contrast to the glycols, glycerol was only slightly 
reactive as a hydrogen donor toward one strain of group B streptococci. That 
this is not a true picture of the ability of the organism to attack glycerol will be 
discussed later under adaptation. Escherichia coli attacked mannitol as well 
as glycerol and the glycols. These reactions were very slow in comparison 
to rates with glucose and organic acids as hydrogen donors. The results 
with Escherichia coli are in agreement with those found by Quastel and 
Whetham (1925). 


Adaptation to substrates 

If the organisms to be used for the preparation of resting cell suspensions are 
grown in the presence of the substrates upon which they are to be tested instead 
of on glucose, it should be possible to study the formation of adaptive enzymes 


TABLE 4 

Formation of adaptive enzymes for galactose 
Streptococcus mastitidis (68c) pH 7.2, 40®C. 90% reduction 1/20,000 methylene blue 


GKOWN ON 

MG. BACT. 

N/ml. of 

SUSPENSION 

SEDUCTION TIME IN MINUTES ON 

Glucose 

Fructose 

Mannose 

Galactose 

Glucose 

0.24 

3.8 

3.8 

3.8 

45.0 

Fructose 

0.22 

5.0 

4.5 

6.5 

43.0 

Mannose 

0.21 

3.2 

2.8 

3.0 

50.0 

Galactose 

0.24 

2.5 

2.0 

2.8 

2. 


by the methylene blue technique. With sugars which serve as readily-available 
energy sources for streptococci, the method is satisfactory as indicated by the 
example in table 4. Growing the culture in galactose broth increases the rate 
of dehydrogenation on galactose by about 25 times over the rate when the cells 
are grown in the presence of glucose, fructose, or mannose. The rate of dehy- 
drogenation on the other hexoses does not appear to depend upon the growth 
substrate, i.e., the catalysts are constitutive enzymes (Dubos, 1940). The 
adaptation of this strain to galactose is analogous to the results of Hegarty (1939) 
with Streptococcus lactis. All of the cultures of Streptococcus mastitidis do not 
show so great adaptation to galactose as does the 68c strain. 

The results obtained with glycerol, which is not reported to be fermented by 
these organisms, are more complex. As recorded in table 3, when grown in 
glucose only one of the 5 strains of Streptococcus mastitidis was capable of dehy- 
drogenating glycerol, and this one slowly. After the cultures had been trans- 
ferred serially upon glycerol broth, all dehydrogenated glycerol, some at a rate 
approaching that for glucose. At first this appeared to be an adaptation of the 
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type reported above for galactose, but further experiments have shown that 
factors other than cultivation in the presence of glycerol affect the dehydrogena- 
tion of this compound with methylene blue as hydrogen acceptor. Some 
streptococci dehydrogenate glycerol rapidly when harvested from a growth 
medium to which no glycerol has been added. 

Barron and Jacobs (1938) have reported that certain hemolytic streptococci 
of human origin oxidize glycerol in manometric experiments with oxygen as 
the hydrogen acceptor instead of methylene blue. They indicate that the 
rate of glycerol oxidation is variable but do not relate it to adaptive enzyme 
formation. These authors also report that those cultures which oxidize glycerol 
oxidize ethyl, propyl and butyl alcohols in manometric experiments. 

SUMMARY 

Resting cell suspensions of Streptococcus mastitidis, Lancefield group B, have 
been found to oxidize a number of alcohols, as indicated by methylene blue 
reduction in Thunberg tubes. Several of the alcohols, including the normal 
alcohols C 2 to Cb, secondary alcohols from Cs to C 5 , tertiary amyl alcohol, and 
2,3 butylene glycol are more active as hydrogen donors to methylene blue than 
is glucose. Methyl alcohol is not activated by these organisms. Glycerol is 
dehydrogenated rapidly by some strains, but the factors contributing to its 
dehydrogenation are not completely elucidated. An adaptive mechanism is 
present in some strains for the dehydrogenation of certain sugars, as for example, 
galactose. 

A strain of Escherichia coli, studied for comparative purposes, was found to 
dehydrogenate alcohols very slowly. This observation is in agreement with the 
results of Quastel and Whetham. 
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Many soil microorganisms are known to produce cell inclusions, and the 
demonstration of such bodies in any microbial group does not imply particular 
cytological or taxonomic distinction for that group. Recognition and identifica- 
tion of cell inclusions does, however, encourage the correct interpretation of 
cytological appearances or of variations therein (Lewis, 1937, 1938). The globi- 
forme and related types of soil microorganisms have remained a morphologically 
puzzling group, which nevertheless has become recognized as a group culturally 
predominant in many soils. 

Conn, after reporting (1925) the occurrence of considerable numbers of coccus- 
forming rods in soil, described (1928) Bacterium globiforme as the predominant 
ifjnot the sole species accounting for the globoid rods abundant in certain pro- 
ductive soils. Later, Taylor and Lochhead (1937) reported globiforme rods 
obtainable from soils of either low or high fertility. The common distribution 
of B. ghbiforme and diphtheroid rods in soil has been widely confirmed (Jensen, 
1933; Topping, 1937; Lochhead, 1940; Clark, 1940). 

The characterization and grouping of a considerable number of globiforme 
isolates from soil, and their comparison with culturally similar types from other 
laboratories, has required their cytological study. It is the purpose of this 
paper to report briefly the nature of inclusion bodies present in B. globiforme 
and closely related microorganisms, and to discuss the possible role of inclusion 
bodies in the cellular pleomorphism and coccus-form development exhibited 
by this group. 


EXPERIMENTAL 

The following have been employed for cytological study: 

Bacterium globiforme, 12 cultures. (1) American Type Culture Collection, no. 4336; 
(2), from N. R. Smith; (3-6), from A. G. Lochhead; (7-12), our isolates from soil. 

Soil corynebacteria and types possibly related, 18 cultures. (13) Corynebacterium sim- 
plex, American Type Culture Collection, no. 6946; (14) Corynebacterium tumescens, Ameri- 
can Type Culture Collection, no. 6947; (15) Bacterium fimi {Corynebacterium fimi Jensen; 
Cellvlomonas fimi Bergey et al.), type culture from N. R. Smith. 

(16-25), our isolates from soil. 

(26-30), Corynebacterium xerose, C. ovis, C. ulcerans, C. hofmanni, and C, hoagii, from 
Julia M. Coffey. 

Proactinomyces spp., 6 cultures (31-36), isolated from soil. 

These microorganisms have been cultured on yeast-extract, nutrient, and 
asparagin agars, as well as upon such media with either glucose or glycerol added. 
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Subcultures were incubated at 28‘*C., and microscopic examinations were made 
both by fixed smear and by flat wet-mount procedures. 

Staining methods. After comparison of numerous volutin-staining procedures, 
the following modification of methylene-blue-staining was foimd generally 
satisfactory. Films fixed with gentle heat or alcohol were exposed to the fol- 
lowing solutions for the periods indicated, with light washing in distilled water 
following use of each different solution: 

(1) Loeffler’s methylene>blue solution, for 10 to 15 minutes; 

(2) one-percent-sulfuric-acid, for 6 to 10 seconds; 

(3) Lugol’s iodine solution, for 15 to 30 seconds; 

(4) aqueous saf ranine or aqueous fuchsin, for 2 to 3 minutes. 

With this procedure, volutin bodies stood out sharply as dark or black granules 
in contrast to a light red cell background; there was a minimum of precipitate 
remaining on the slide. The dependability of the method was checked on C. 
xerose, LacU)hadllus helveticum, and Azotobacter. 

For staining fat inclusions, the ethylene glycol solution of Sudan Black B 
(Hartman, 1940) in flat wet-mount procedure, and the naphthol-blue method 
of Dietrich and Liebermeister (1902), have been found satisfactory. In flat 
wet-moimt procedures for either fat or volutin, the occurrence of angular or 
branched cells, not uncommon in this group, coupled with Brownian movement, 
may produce out-of-focus and therefore darker-appearing cell portions; care 
must be taken to distinguish such portions from truly stained bodies. Also, 
because of the comparatively small size of globoid microorganisms, some dif- 
ferential staining procedures for volutin and fat readily applicable to such larger 
microorganisms as Sacxharomyces, AzotobcLcter, Spirillum, Rhizobium or BadUus 
may give results difficult of interpretation. 

Volutin inclusions. During the early hours of growth, all cultures studied 
usually stained uniformly with aqueous aniline dyes, although occasionally 
broad diffuse bandings were observed. Irregular and globoid cells developed 
within one or two days, depending upon the culture and the substrate, and cell 
inclusions appeared. Certain of these could be considered volutin because of 
their characteristic dye affinities, solubility in hot water, and resistance to dilute 
acid de-staining. Volutin demonstrations (fig. 1) for C. tumescens, B. fimi, 
and many of the soil isolates were comparable to those obtained for C. xerose 
and other recognized diphtheroids. The appearance of volutin in B. globiforme 
cultures were somewhat less striking. Observations secured suggest that the 
dark-staining bodies in 2-week cultures of B, globiforme encountered by Taylor 
(1938, fig. 7) were probably volutin. Similar pictures of dark-staining bodies 
in B. globiforme were obtained following volutin-staining procedures. Although 
two or more volutin bodies could usually be observed in single cells of Pro- 
actinomyces cultures and in soil corynebacteria, single cells of B, globiforme 
showed, usually one, and seldom more than two volutin inclusions. 

Fat inclursions. Although B. globiforme and typical diphtheroid rods from 
soil did not contain fat, the total absence of fat inclusions was not shown by all 
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coccus-forming rods. Th(‘ individual cells of certain soil isolates contained, in 
addition to volutin, bodies wliich w(‘re not stained by aniline dyes, but which 
were staiiKnl intensely by tlui naphthol-bluc and sudan-black methods. All 
cultures which produced both fat and volutin inclusions w(ue believed to ho 
ProactinomyccSy as a distinctive', early m 3 ^(^elium could b(' observed by direct 
agar microscopy. In such microorganisms, the appenirance of fat bodies was 
variable. Longer rods from young cultures contained as many as three to six 
distinct fat bodies, and like numbers of volutin inclusions. Older globoid cells, 
particularly those grown on glycerol media, wenc inflated or distorted by one 
large fat body, and showed very little eiyte>plasm e)r vedutin. Not all e)f the 
ProactinomyceSj or mycelium-fe)rming type's, produced fat bodies, as two cul- 
tures (nos. 35, 36) of this group were fat-negative, although volutin-positive. 



Fici. 1. Prepakation of Soil 1sol\te No. 21 Showinci Dark Volutin 

Inolusions and Lightly Stained (VroPLASM. X 3840 

Ae^cordingly, it was impeissible to se^parate B, globiformc, soil corynebacteria, 
an el Proa^tinoMyces cultures inte) theses respective greiups on the basis of cell 
inclusions. 

C(dl inclusions in relation to apparent cell morphology: 

Cdnn (1928) and subsequent workers have noted that globiforme and related 
types of soil microorganisms appe^ar as gram-negative rods in young cultures, 
and as gram-positive cocci in olde'i* cultures. In the presemt study, 3 ^oung 
cells have be'em noted to be gram-negative and rod-shaped, and to lack volutin 
inclusions. As the cultures increasi'd in age, they passed through stages of 
gram-variability until they reached a gram-positive stage, appearing then either 
as volutin-filled coccus forms with short cytoplasmic ‘‘tails,” or as short rods 
consisting primarily of two spherical volutin bodies, with little or no intermediate 
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cytoplasm apparent. Such cultures, when examined in the usual fixed-smear 
procedures, appeared to consist predominantly of cocci. That this appearance 
was in part illusory was shown by making parallel positively stained and 
negatively stained fixed smears from a uniform suspension of a single subculture; 
the former preparation revealed apparently coccoid, and the latter, distinct 
short rod, forms. The development of volutin bodies appeared to play an 
important role in determining cellular appearances. Taylor and Lochhead 
(1937) have previously observed that the characteristic globiforme transition is 
not merely a shortening from a rod to a coccoid stage, but that more complex 
and interesting phenomena are involved. 

SUMMARY 

The occurrence of volutin, and at times of fat inclusions, in coccus-forming 
rods abundant in soil, and techniques employed for their demonstration, are 
reported. It is suggested that volutin inclusions may play an important role 
in the cellular or globiforme transitions characteristic of microorganisms of this 
type. 
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The lipid and carbohydrate content of Blastomyces dermatiditis has been de- 
scribed by Peck and Hauser (1938, 1940). Stewart and Meyer (1938) have 
studied the assimilation of glucose by this organism. There has been no report 
on its oxidative metabolism, and the purpose of this work was to study the factors 
affecting the oxygen uptake of this pathogenic fungus. 

EXPEEIMENTAL 

The cultures were obtained from a clinical case of blastomycosis and were 
grown on Kelly’s agar medium. They were used when 2-6 days old. The mat 
was scraped off the agar with a blunt glass rod, suspended in 100 ml. of sterile 
water and centrifuged for 5 minutes at 1500 r.p.m. The liquid was decanted and 
the solid ground in the tube with a thick glass rod to break up any masses. It 
was then resuspended in water and centrifuged again. This time the solid was 
taken up in 0.06 M phosphate buffer pH 6.7 so that 1.0 ml. of the packed or- 
ganisms were suspended in 10.0 ml. of buffer. 0.5 ml. of this suspension was used 
in each Warburg vessel which contained a final volume of 2.0 ml. The fungus 
was used in the yeast form. The mycelial form, to which it tended to revert on a 
beef-extract glucose agar medium, has a lower oxygen uptake and oxidizes added 
substrates more slowly. The control uptake also decreases with the increasing 
age of the culture. A change of pH to 7.8 has little effect on any of the reactions 
described below. 

Carbohydrates, Of the five sugars tested, glucose, mannose, fructose, arabi- 
nose, and rhamnose, only the first two are oxidized. They are oxidized at the 
same rate and take up 2 atoms of oxygen per molecule. Figure 1 shows the oxi- 
dation of glucose compared to that of pyruvate and lactate. Pyruvate takes up 
1 atom of oxygen per molecule, lactate 2 atoms. The R.Q. of the control respira- 
tion averages 0.80, in the presence of glucose it rises to 0.96, and in the presence of 
pyruvate to 1.53. In order to determine whether one or more enzymes are re- 
sponsible for the oxidation of these substances various drugs were added. The 
results are shown in figure 2 for glucose and pyruvate. It should be mentioned 
here that none of the sugars are fermented. 

Although the organism used in this study is able to oxidize aliphatic aldehydes, 
aromatic aldehydes such as benzaldehyde and particularly anisaldehyde inhibit 
the control oxygen uptake. The latter causes a 15-25 per cent inhibition. It 
has no effect on the oxidation of glucose but definitely inhibits the oxidation of 
P 3 rruvate and also of lactate. Mono-iodoacetate inhibits the control uptake 40 
per cent, and almost completely inhibits the oxidation of glucose, but in the 
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presence of this drug pyruvate is apparently oxidized more rapidly. Sodium 
selenite acts in the same way. It is possible that in both cases pyruvate protects 
the organism in some way from the effect of the drugs, and that this is the 
cause of the apparent increase in the rate and amount of oxygen taken up. This 
protection is not due to a combination of the pyruvate with the drugs because it 
occurs to a similar extent when the relative concentrations of pyruvate and drug 
are widely varied. Both drugs inhibit the oxidation of lactate which, thus, like 
glucose, is unable to provide this protection. The selenite inhibition of the con- 
trol respiration takes 1-2 hours to develop, depending on the concentration, and 



Fig. 1. Oxidation op 0.4 Mg. Each op Glucose, Lactate and Pyruvate by Blastomyces 

DERMATIDITIS AT pH 6.7, 37® 

The horizontal lines represent the theoretical uptake of 1 atom of o^gen per molecule 
of pyruvate and 2 atoms of oxygen per molecule of lactate and glucose. The control oxygen 
uptake has been subtracted. 

finally may reach a value of 80 per cent. An acrid metallic odor develops after 
shaking selenite with the blastomycetes. This is not affected by the addition of 
any of the substrates tested, including methionine, but is completely absent if the 
selenite is incubated with the fungi anaerobically. 

Fatty adds. The lower fatty acids are oxidized by these blastomycetes. In 
the oxidation of acetic acid 1 atom of oxygen is taken up and 1 molecule of CO 2 
given off per molecule. The oxygen uptake tends to drift on further whereas the 
CO 2 production lags. The higher fatty acids behave very differently. Not only 
are they not oxidized, but they inhibit the control oxygen uptake, and also the 
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oxidation of added glucose, pyruvate, lactate, and acetate. Sodium oleate and 
palmitate are almost equally effective. Sodium stearate is less so, possibly be- 
cause of its relative insolubility. It seems probable that the soaps cover the 
surface of the organisms and thus inhibit the penetration of oxygen and sub- 
strates. Figure 3 shows the effect of these soaps on the control respiration. 
Soy-bean lecithin in equivalent concentrations has no effect. 

Amino acids. Immediately after washing the suspension of blastomycetes no 
free ammonia is detectable in it. After shaking in air for 5-6 hours in the War- 



The control oxygen uptakes have been subtracted. At the end of the experiment the 
control values were as follows: no drug, 380 mm®.; anisaldehyde, 328 mm®.; iodoacetate, 
221 mm®.; and selenite, 111 mm*. 


burg vessels appreciable amounts of ammonia accumulate. In order to deter- 
mine whether the amino acids were the source of the ammonia, a number of them 
were added to the suspension. The results are shown in table 1, The addition 
of either the natural or the non-natural isomers markedly increases the oxygen 
uptake of the organisms. In many cases the uptake occurs more rapidly at the 
beginning in the presence of the non-natural isomer. For phenylalanine and 
methionine the uptake then proceeds at approximately the same rate in the 
presence of the two isomers, but for valine, alanine, and leucine the uptake in the 
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presmce of the non-natural isomer eventually lags behind. The natural isomers 
of asparagin and aspartic acid not listed in the table have little or no effect. 



Fig. 3. Effect of 1.0 Mg. Oleate, 1.0 Mg. Palmitate and 2.0 Mg. Stearate on the 
Control Oxygen Uptake at pH 6.7, 37° 

TABLE 1 

Increase in the oxygen uptake in mm*, of a suspension of blastomycetes in the presence of 1 ,0 mg. 

each of the amino acids 


The l-isomers are the naturally occurring, pH 6.7, 37° 
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Estimation of the free ammonia in the presence of the amino acids at the end of 
5~6 hours showed that there was a small increase over that in the control. But 
although the oxygen uptakes caused by the amino acids were great enough to 
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account for their complete oxidative deamination, in no case was the theoretical 
amount of ammonia recovered. This suggested that the small increases found 
might be due to a stimulation of the control oxygen uptake, a “specific dynamic 
action” rather than to the utilization of the amino acids as substrates. This pos- 
sibility was confirmed by the following facts. The increase of the oxygen uptake 
by the amino acids is not proportional to their concentration but is proportional 
to the number of organisms. This is shown in table 2 for phenylalanine. When 
a substrate such as glucose is added under the same conditions, the rate of oxygen 
uptake varies with the number of organisms but the same final end point is even- 
tually reached. In the case of the amino acids not only are no definite end points 
reached, but the increase in oxygen uptake remains proportional to the number of 
organisms. Finally, at the end of the experiment, trichloracetic acid was added 
to the suspension, which was then filtered and aliquots taken for amino nitrogen 
determinations by the Van Slyke method. If no deamination of the amino acids 
occurred then the amino nitrogen foimd above that in the control should equal 

TABLE 2 


Increase in the oxygen uptake in mm*, of different amounts of hlastomycetes in the presence of 

0.4. mg, d~phenylalanine 


TIME 


ML. OT SUSPENSION 



0.2 

0.4 

0.6 

hours 

0.30 

6 

8 

12 

1.00 

9 

15 

18 

1.30 

13 

23 

29 

3.10 

28 

51 

79 

4.20 

42 

83 

123 

5.15 

55 

106 

158 

5.45 

64 

122 

179 


that added as amino acids. The results were as follows: 1-phenylaIanine, added 
0.085 mg., foimd 0.086 mg.; d-phenylalanine, added 0.085 mg., found 0.075 mg.; 
d-alanine, added 0.158 mg. found 0.170 mg., glycine, added 0.187 mg., found 
0.140 mg. 

These facts indicate that the presence of the amino acids stimulates the oxida- 
tion of something in the cell and that they are not themselves oxidized when 
added under the conditions of the experiment. The source of the ammonia pro- 
duced by the organisms is thus not determined. Stewart and Meyer have shown 
that the assimilation and production of ammonia by Blastomyces dermatiditis in 
different media can be affected by the presence of glucose. It is possible to show 
that the ammonia production by the control suspension under the conditions of 
the experiments described here is inhibited by glucose and certain other sub- 
stances. After 5-6 hours in the Warburg vessels, trichloracetic acid was added, 
the suspensions filtered and aliquots taken, distilled from alkali and estimated 
colorimetrically with Nessler’s solution. 0.072 mg. NHa—N was produced by 



638 


FREDEBICK BERNHEIM 


the control; in the presence of 1.0 mg. of glucose 0.060 mg. was produced; 2.0 
mg. glucose, 0.041 mg.; 2.0 mg. mannose, 0.034 mg.; 1.0 mg. acetate 0.064 mg.; 
2.0 mg. acetate, 0.053 mg. Glucose and mannose very definitely suppress the 
ammonia production and acetate does also, but to a smaller extent. Pyruvate 
and lactate have little or no effect, but ethyl alcohol which is oxidized by the or- 
ganisms has about the same effect as acetate. This suppression of ammonia pro- 
duction might be called a ^‘protein sparing action.^’ 

The oxidation of sttccinic acid and the effect of cyanide. Succinic acid is slowly 
oxidized by the blastomycetes to fumaric acid. Malonate inhibits the oxidation 
completely. Fumaric acid does not act catalytically, nor does citric acid which 
is not oxidized. The oxidation of succinic acid indicates the presence of the cyto- 
chrome system. Cyanide completely inhibits the oxidation of all the added sub- 
strates, the effect of both the isomers of the amino acids and the ammonia pro- 
duction. Paradoxically, however, cyanide has a variable effect on the control 
oxygen uptake. The inhibition depends on the age of the culture used. M/100 
NaCN inhibits the control uptake of a two-day-old and of a six-day-old culture, 
40 and 6 per cent respectively. It is possible that cyanide does not readily pene- 
trate into the cell. If this is so, it would be able to inhibit the oxidation of added 
substrates which may be oxidized on or near the cell surface but would have less 
effect on oxidation occurring within the cell. That the permeability of the cell 
becomes less with age is indicated by the fact that the latent period before the 
oxidation of added substrates takes place is longer the greater age of the culture 
used. 

The effect of cyanide on the control respiration is apparently enhanced by the 
addition of oleic acid as indicated in the following experiment. A six-day-old 
culture was used. Just enough oleic acid was added to the suspension in one 
vessel to cause a 10 per cent inhibition of the control oxygen uptake. M/100 
NaCN in another vessel caused a 5 per cent inhibition. But if both were added 
together a 55 per cent inhibition occurred. The explanation for this phenomenon 
is not clear but it is possible that cyanide penetrates more readily into the cell in 
the presence of oleate. 


DISCUSSION 

Although there have been numerous studies of the oxidative metabolism of 
non-pathogenic bacteria and fungi, similar studies on pathogenic organisms are 
relatively few. The present work is an attempt to outline one phase of the me- 
tabolism of a pathogenic fimgus. The results show that it differs markedly in 
many respects from baker ^s and brewer's yeast. Until more data on pathogenic 
organisms accumulate it will not be possible to correlate these differences, but it is 
probable that such a correlation will eventually be made and that we may thereby 
attain a better understanding of the metabolic adaptations accompanying patho- 
genicity. 


SUMMARY 

1. Washed suspensions of Blastomyces dermatiditis oxidize added glucose, 
mannose, lactate and pyruvate. 
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2. The action of various drugs on the oxidation of these substances indicates 
that separate enzyme systems are involved. 

3. Lower fatty acids are oxidized but hi^er fatty acids inhibit the control 
respiration and the oxidation of added substrates. 

4. Free ammonia is produced by the suspensions. Both the natural and non- 
natural isomers of the amino acids increase the oxygen uptake but are not de- 
aminated in the process. 

5. Glucose and, to a less extent, acetate depress the ammonia production. 
PSTUvate and lactate are without effect. 

6. Cyanide inhibits the oxidation of all added substrates including succinic 
acid but has comparatively little effect on the control respiration possibly because 
it fails to penetrate into the cdl. 


REFERENCES 

Pice, R. L., and Hauseb, C. R. 1938 Chemical studies of certain pathogenic fungi I. 

the lipids of Blastomyces dermitiditis. J. Am. Chem. Soc., 60, 2599-2603. 

Peck, R. L., amd Havseb, C. R. 1940 Chemical studies of certain pathogenic fungi III. 
Further studies on the lipids of Blastomyces dermaiidis and Monilia albicans. J. Biol. 
Chem., 134, 403-412. 

Stewabt, R. a. AMD Meteb, K. F. 1938 Studies in the metabolism of coccidioides immitis 
(Stiles). J. Infectious Diseases, 63, 196-205. 




BACTERIOLOGICAL STUDIES ON THE ‘‘NATURAL” FERMENTA- 
TION PROCESS OF PREPARING EGG WHITE FOR DRYING^ 


L. S. STUART AND HARRY E. GORESLINE 

Agricultural Chemical Research Division, Bureau of Agricultural Chemistry and Engineering, 
U. S, Department of Agriculture, Washington, D, C, 

Received for publication April 1, 1942 

Although the highest quality of commercial dried egg albumen has been pro- 
duced for years, first in China and more recently in the United States, from fer- 
mented egg white, no adequate description of the fermentation has appeared in 
the bacteriological literature. Recently Stewart and Kline (1941) described 
rather completely the chemical changes taking place in egg albumen during ex- 
perimental fermentation, but they apparently did not isolate or identify the bac- 
teria to which they ascribed the changes reported. 

From the manufacturers’ viewpoint fermentation accomplishes at least two ob- 
jectives. It removes enough of the carbohydrate so that the resulting dried 
product does not darken and lose quality during storage and it brings about a loss 
in viscosity or a thinning action facilitating handling and drying. 

With the advent of the “Lend-Lease” program and the purchase by the Fed- 
eral Surplus Commodities Corporation of huge quantities of dried egg products 
for shipment to England, the industrial significance of egg-white fermentation has 
been markedly increased. 

Eight samples of commercially fermenting egg whites were obtained from 
various industrial concerns. When received, pH determinations and bacterio- 
logical examinations were made on each sample. 

The bacteriological examinations consisted of making dilution plate counts 
using glucose agar, dilution smear plate counts using eosin-methylene-blue agar, 
smear plates of undiluted egg white on bismuth-sulfite agar and dilution plates in 
tomato-juice agar and glucose-tryptone agar. 

The technique employed in maldng dilution smear-plates involved pouring the 
agar into the petri-dishes and allowing it to solidify and then placing 0.1 ml. 
of the diluted egg white on the surface of the agar near the center of the plate 
and distributing this uniformly over the surface of the entire plate with a sterile 
bent glass rod, using a rotary motion. All plates were incubated at 37.5°C. 
for 48 hours. 

No aciduric types were recovered either from the tomato-juice or Bacto- 
tryptone agars. No growth was obtained from the smears of the imdiluted 
egg white on the bismuth-sulfite agar, indicating absence of Salmonella and 
Eberthella types. The results of the dilution plate and the dilution smear plate 
counts are given in table 1. 

^ Agricultural Chemical Research Division Contribution No. 62, 
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The results in table 1 show counts well up in the hundreds of millions. Al- 
though the average count in the glucose agar dilution plates was somewhat higher 
than that found in the dilution smear plate counting procedure, using eosin- 
methylene-blue agar, the magnitude of the difference is not great enough to 
invalidate the conclusion that either Aerobacter or Escherichia types were present 
in such predominating numbers as largely to exclude other types. Where the 
colonies were of the Escherichia type the pH of the fermenting whites was found 
to be slightly below 6.0 whereas the pH of the whites from which the Aerobacter 
types were recovered was usually somewhat higher than 6.0. 

Single colony isolations were made from the eosin-methylene-blue smear plates. 
The five Aerobacter-tygQ isolations were subsequently found to be gram-negative 
rod forms capable of utilising citrate. They fermented lactose and glycerol vig- 
orously with the production of acid and gas. Acetyl-methyl-carbinol was pro- 
duced. They were methyl-red-negative, indole-negative and did not liquefy 

TABLE 1 


Results of bacteriological counts made on commercially fermenting egg white samples 


SAMPLE MO. 

pH AS DECEIVED 

(becemamn pH 
metse) 

OILUnOM PLATE 1 
COX7MTS ON GLUCOSE 
AGAS PES ML. 

DILUTION SMEAS PLATES ON EOSIN<MSTflYLENE>BLUE 
AGAS 

Count per ml. 

Type of colony found 



millions \ 

millions 


1 

5.98 

620 

840 

Escherichia 

2 


930 

1,180 

Aerobacter 

3 

6.90 

270 

710 

Escherichia 

4 

6.95 

410 

260 

Escherichia 

5 . 

6.15 

840 

1,210 

Aerobacter 

6 

6.26 

1,360 

970 

Aerobacter 

7 

6.20 

2,110 

830 

Aerobacter 

8 

6.25 

1,620 

950 

Aerobacter 

Average 

6.08 

1,020 

856 



gelatin. They were tentatively identified as strains of Aerobacter aerogenes. 
The Escherichia-Ayi^e isolations were gram-negative rod forms capable of utilizing 
citrate and fermenting lactose with the production of acid and gas but failing to 
grow and produce gas in Eijkman's lactose broth at 45°C. in 48 hours. They 
were indole-positive and methyl-red-positive. They were tentatively identified 
as strains of Escherichia freundii. 

Using 3.6 ml. of a mixture of samples no. 1 and no. 2 as an inoculum, a batch of 
1800 ml. of freshly broken-out strained egg white was fermented at 30®C. for 96 
hours. Samples were taken periodically for pH determinations; formol titra- 
tions; sugar determinations, using Stiles, Peterson and Fred’s (1926) modifica- 
tion of Schaffer and Hartmann’s volumetric method; total protein nitrogen by 
precipitation with 2.5 per cent trichloracetic acid; and total bacterial count using 
the dilution plate method with glucose agar. The results of this study constitute 
a fairly complete confirmation of the data given recently by Stewart and Kline 
(1941). They are presented in figure 1. 
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From figure 1 it can be seen that there is a rapid increase in pH from 7.45 to 
9.10 within the first 12 hours of incubation, independent of significant increases in 
bacterial numbers. It has been assumed that this increase is due to the break- 
down of the NaHCO»-HHCO» buffer system through the loss of COj. The initial 
increase in pH is immediately followed by a continuous and rather rapid decrease 
from 9.10 to 6.25 after 72 hours of incubation. This decrease in pH is accom- 
panied by a decrease in the sugar content from an initial value of 23.2 mgm. per 
10 ml. to 12.9 mgm. During this 72-hour period no change was observed in either 



Fig. 1. Bactebiologicai. and Chemicai. Changes Observed during the Feruentation 

OF Egg White 

the protdn nitrogen or combined amino and amide nitrogen values. These re- 
mained constant at 21 and 0.4 mgm. per ml. respectively. Thus, within the first 
72 hours it can be stated that there was no apparent breakdown of the egg white 
proteins. However, at 96 hours there was an increase in the combined amide 
and amino nitrogen value to 0.6 mgm. per ml. and a considerably larger decrease 
in the protein nitrog^ value from 21.0 to 19.6 mgm. per ml. Between the 72- 
and 96-hour periods there was only an insignificant drop in the sugar content and 
only a slight decrease in the bacterial count. There was an abrupt increase in the 
pH value from 6.25 to 6.60. It should be pointed out that in the industry it is the 
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practice to stop the fermentation at approximately the 72-hour period and pre- 
pare the liquid white for drying. It would seem, therefore, that this fermenta- 
tion is controlled to remove the carbohydrate fraction to a low level without di- 
gesting the protein. 

The removal of sugar by the organisms does not appear to be complete. It 
may be that the method employed in measuring the sugar in this study measures 
some of the loosely bound sugar as well as the free sugar, and that actually all of 
the free sugar is utilized by the bacteria. This will be further investigated. 

During this fermentation there is usually a separation into two liquid phases. 
The thin white phase accumulates in the bottom of the container and the thick 
white phase gradually rises as the pH decreases imtil all of the mucin with some of 
the mucoids accumulate on the surface in a gelatinous scum. This scum is re- 
moved from the liquid phase prior to drying. The increase in the volume of the 
thin phase at the expense of the thick phase as the pH decreases during a typical 
fermentation is shown in table 2. 


TABLE 2 

Increaaet in the volume of the thin white phase during a typical fermentation 


INCUBATION TIICE AT 

VB. 

VOLUME OF THIN WHITE 
PHASE 

VOLUME OF THICK WHITE 
PHASE 

hours 


ml. 

ml. 

0 

7.35 

0 

1800 

6 

8.85 

205 

1595 

12 

9.20 

380 

1420 

24 

8.75 

450 

1250 

48 

6.95 

1390 

410 

72 1 

6.20 

1440 

360* 


* Foam. 


Because it is apparent from preliminary water and alcohol solubility studies 
that the 360 ml. of foam as shown in table 2 contains most of the ova-mucin and a 
large share of the glyco-proteins, this physical separation must be considered as 
pla}dng a definite role in the production of a commercial albumin of a high degree 
of purity. It appears that the gas produced by the bacteria tends to bring these 
protein fractions of the egg white to the surface, as the decrease in pH to their 
isoelectric points brings about a coagulation. 

To obtain information on the regularity of this fermentation as a natural 
phenomenon, a series of laboratory fermentation studies was conducted. 

In the first study in this series a batch of 9000 ml. of egg white from strictly 
fresh eggs was divided into five lots of 1800 ml. each and allowed to ferment at 
room temperatures (26® to 31®C.) in previously sterilized 2000 ml. cylinders. 
The initial bacterial coxmt of this egg wUte was 230 per ml. which was rather low. 
The course of these five fermentations was followed by periodic pH measurements 
and dilution plate bacterial counts. As soon as the pH had ^pped to 6.2, or 
lower, the fermentations were stopped and the white dried. The results of this 
study are given in table 3. 
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From these results it is apparent that the rate of the fermentation is much 
slower than was the case in the type fermentation shown in figure 1. Here, wiidi 
an initial bacterial count of only 230 per ml., it required 288 hours with lot 1, 
240 hours with lot 2, 192 hours with lot 3, 240 hours with lot 4, and 240 hours with 
lot 6 to bring about changes comparable to those obtained in 72 hours with the 
so-called type fermentation where the initial bacterial count was 2,180,000 per 
ml. A marked irregularity between the times required for the different lots to 
ferment was also apparent. Lot 1 required 96 hours longer than lot 3 and 48 
hours longer than lots 2, 4 and 5. 

Single-colony isolations were made from the final platings of each lot. One or- 
ganism was found to predominate in each lot. In every case the predominating 
organism was a lactose fermenter capable of utilizing citrate. None of these 

TABLE 3 


** Natural” fermentation of low-count egg white from strictly fresh eggs 



LOT 1 

LOT 2 

LOTS 

LOT 4 

LOT 5 

TIME 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

hours 












1 









0 

7.25 

2.3 

X 

10* 

7.24 

2.3 

X 

10* 

7.25 

2.3 

X 

10* 

7.25 

2.3 

X 

10* 

7.25 

2.3 

X 

10* 

6 

8.80 

2.3 

X 

10* 

8.90 

4.5 

X 

101 

8.85 

1.2 

X 

10» 

8.95 

9.0 

X 

10* 

8.90 

2.6 

X 

10* 

24 

8.85 

4.2 

X 

10* 

8.95 

2.4 

X 

10* 

8.90 

2.8 

X 

10* 

8.80 

4.0 

X 

10* 

8.90 

3.0 

X 

10* 

48 

8.82 

2.3 

X 

10* 

8.80 

2.8 

X 

10* 

8.80; 

1.2 

X 

10* 

8.90 

3.1 

X 

10* 

8.90 

3.1 

X 

10* 

72 

8.85 

3.2 

X 

10* 

8.80 

3.4 

X 

10* 

8.80: 

8.0 

X 

10* 

8.90 

4.6 

X 

10* 

8.90 

4.4 

X 

10* 

96 

8.90 

4.2 

X 

10* 

8.90 

4.2 

X 

10* 

7.90; 

1.0 

X 

10* 

8.95 

2.7 

X 

10* 

8.90 

1.6 

X 

10* 

120 

8.90 




8.90 




7.00 

5.4 

X 

10* 

8.95 




8.90 




144 

8.90 




8.90 




6.60 

1.3 

X 

10* 

8.80 




8.95 

4.7 

X 

10* 

168 

8.95 

8.8 

X 

10* 

8.70 

4.4 

X 

10* 

6.20 

4.6 

X 

10* 

8.60 

6.5 

X 

10* 

8.95 

1.1 

X 

10* 

192 

8.85 

9.9 

X 

10* 

7.15 

4.1 

X 

10^ 

6.10 

1.8 

X 

10* 

7.40 

1.3 

X 

10* 

7.80 

7.2 

X 

10* 

216 

8.60 

1.4 

X 

10« 

6.25 

4.9 

X 

10* 





6.60 

5.8 

X 

10* 

7.60 

1.8 

X 

10* 

240 

8.25 

7.0 

X 

10* 

6.05 

3.3 

X 

10* 





6.15 

3.3 

X 

10* 

6.00 

1.4 

X 

10* 

264 

7.65 




















288 

6.05 

5.4 

X 

10» 


















lactose fermenters liquified gelatin. The strains isolated from lots 1, 4 and 5 
were tentatively identified as species of the Aerohacter genus and those from lots 
2 and 3 as species of the genus Escherichia on the basis of the colony types pro- 
duced on eosin-methylene-blue agar, and of tests made on cultures for the indole, 
methyl-red and Voges-Proskauer reactions. 

In the second study of this series, the above experiment was duplicated in all 
details except for the introduction into the initial 9000-ml. batch of freshly 
separated egg white of a considerable quantity of egg shell contamination. This 
resulted in an initial bacterial coimt of approximately 150,000 per ml. The 
results of this study are given in table 4. 

By comparing the results given in table 4 with those listed in table 3 it can be 
seen that a moderately heavy contamination of egg white by shell debris speeds 
up the rate of fermentation tremendously. With the five lots of white con- 
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taminated in this manner, the fermentation was apparently complete in 72 hours 
and the pH changes and bacterial count changes were practically identical for 
each time interval with all five lots. 

Single-colony isolations were made from the dilution plates made at the 72- 
hour interval for all lots in this series. All isolations fermented lactose with the 
production of acid and gas. Streaks on eosin-methylene-blue agar showed 
colonies of the Aerobacter type only with lots 1, 2 and 4 and a mixture of Aero- 
bacter and EschericJiia-type colonies in lots 3 and 5. On the basis of findings 
from stains, cultures in citrate and the indole, methyl-red and Voges-Proskauer 
tests and cultures in gelatin and glycerol broth all Aerobacter tsrpes were tenta- 
tively classified as Aerobacter aerogenes and the Escherichia types as Escherichia 
freundii. 

From the results obtained in a third study of this series of experiments it is 
apparent that a high initial total count does not necessarily assiu% rapid and 


TABLE 4 

"Natur<d’’ fermentation of high-count egg white from strictly fresh eggs cotUamincUed mth egg 

shells 


TIKE 

LOT 1 

LOT 2 

LOT 3 

LOT 4 

LOT S 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

pH 

Bacterial 
count per ml. 

hours 











0 

7.35 

1.5 X 10* 

7.35 

1.5 X 10* 

7.35 

1.5 X 10* 

7.35 

1.5 X 10* 

7.35 

1.5 X 10* 

6 

8.95 


8.90 


8.80 


8.85 


8.95 


18 

8.72 

1.2 X 10^ 

8.85 

7.3 X 10* 

8.85 

1.1 X 10* 

8.85 

5.8 X 10* 

8.60 

1.1 X W 

24 

8.40 


8.50 


8.75 


8.75 


8.20 


36 

7.80 

o 

X 

rO 

7.65 

7.9 X 10^ 

6.95 

3.2 X 10» 

7.00 

o 

tr-i 

X 

00 

6.45 

8.6 X 10* 

48 

6.45 


6.20 


6.20 


6.40 


6.10 


72 j 

6.05 

1.2 X 10* 

6.15 

1.6 X 10* 

6.20 

2.6 X 10* 

6.25 

X 

o 

6.10 

3.7 X 10* 


uniform fermentation in the absence of a heavy initial seeding of either Aerobacter 
or Escherichia tjrpes. In this study two lots of strained egg whites of 1800 ml. 
each separated from storage eggs in such a manner as to avoid shell contamina- 
tion but having counts after straining of 9,000,000 and 5,800,000 per ml. were 
allowed to ferment at room temperatures. These were sampled periodically for 
pH determinations and bacterial counts. 

With these two lots pH changes took place slowly after the first six hours. 
After 182 hours the pH was still greater than 6.5 although the bacterial counts 
were very high even after 24 hours of the fermentation period. There was no 
foaming or physical separation into thin and thick phases as shown in table 2. 
Lot 1 developed a fishy odor and lot 2 developed an obnoxious putrid odor. 

Single-colony isolations from the final dilution plates from these two lots 
failed to reveal the presence of either Aerobacter or Escherichia types. Three 
strains of gram-negative bacteria tentatively classified as belon^g to the genus 
Psevdomonas were the only bacteria isolated from lot 1. From lot 2, two bac- 
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terial types were isolated; one was tentatively classified as belonging in the 
genus Pseiidomonas and the other to the genus Serratia. 

A fourth experiment in this series involved a study of the fermentation of 
thawed stored frozen whites in essentially the same manner employed in the 
preceding experiments. In this study a batch of 9000 ml. of stored frozen egg 
white was thawed for 24 hours at 20°C. It was then divided into five lots of 
1800 ml. each and allowed to ferment in previously sterilized individual glass 
cylinders. Samples were removed periodically for pH measurements and bac- 
terial counts. 

By comparing the results obtained with those in table 4, it was found that the 
fermentation of the thawed and frozen whites proceeded at about the same rate 
and degree of regularity as that of fresh egg white that had been contaminated, 
or seeded, with egg shells. The initial pH of the frozen white was equivalent to 
that of the fresh white after six to twelve hours of fermentation. It can be 
assumed, therefore, that an amount of CO 2 is lost during the freezing and cold 
storage equivalent to that lost from freshly separated white in the first six to 
twelve hours of the fermentation process. 

Single colony isolations were made from the final dilution plates of the five 
lots of fermented frozen whites in this study. Two isolations tentatively identi- 
fied as belonging to the genus Aerohacter were recovered from lot 1. Three 
isolations, one of which was tentatively identified as belonging to the genus 
Aerohdcter and two to the genus Pseudomonasy were recovered from lot 2. One 
isolation from lot 3 was classified as belonging to the genus Aerohacter and an- 
other to the genus Pseudomonas. Lot 4 yielded a strain of Escherichia freundii 
and a strain of Proteus, and lot 5 one strain of Aerohacter and one of Alkaligenes. 

The completely fermented thawed frozen whites yielded, therefore, a consid- 
erably greater variety of bacterial types than was found in any of the fermented 
fresh whites when strains of either Aerohacter or Escherichia types predominated. 
This may be due to a decrease in the viability of the Aerohacter and Escherichia 
types during storage at freezing temperatures to the extent that they are no 
longer able completely to overgrow the other types present. Further work will 
be necessary to establish this presumption. 

A fifth study of this series was made in a similar manner with egg whites 
freshly separated into sterile cylinders, with as little contamination as possible 
from the egg shells or hands of the laboratory worker, from shell eggs received 
from six different locations in the United States. These were allowed to ferment 
at room temperatures and sampled periodically, as in the previous studies, for 
pH measurements and bacterial counts. 

The results obtained were essentially a duplication of those given in table 3 
for low-count egg white except that the irregularity between the times required 
for the different lots to ferment was more pronounced. This result is precisely 
what might have been expected since the initial count was very low in all but 2 
of the lots. With one lot fermentation in the true sense of the word did not 
occur within 398 hours. Single colony isolations showed that in this case there 
was a combination of a very low initial count and the absence of Aerohacter and 
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Escherichia types. Only one organism was isolated and this was tentatively 
identified as belonging to the genus Pseudommas. 

Isolations from the final dilution plates of 2 lots that fermented fairly rapidly 
and normally revealed the predominance of Escherichia types in one case and a 
mixture of Escherichia types with a strain of Proteus in the other. Isolations 
from the other 3 lots in which the fermentations were more or less delayed yielded 
a strain of Serratia and one of Aerohacter in one instance, two strains of Proteus 
and one of Aerohacter in another and two strains of Pseudomonas with one of 
Proteus in the other. 

All lots of egg whites fermented in these studies were subsequently dried in a 
‘‘Hurricane” drier at 110®F. for 72 hours along with lots of unfermented whites 
as controls. With this type of drying a granular dried white resulted. With 
those lots in which the Aerohacter and Escherichia t5rpes predominated, a bright 
crystalline clear light-colored product was obtained as compared to a dull 
amorphous-type product where organisms of the Proteus, Serratia, and Pseudo- 
monas genera were present in significant numbers. The fermented dried whites 
in all cases retained their original color in storage experiments as compared to 
the unfermented dried white control samples. The latter materially darkened 
after four months’ storage in the laboratory at room temperature. 

Because fermentations from which proteolytic organisms were isolated pro- 
duced amorphous dingy granular albumin on drying, it may be that the accurate 
stopping of the fermentation at the critical point where the pH reaches the 
minimum value of 6.25 and the sugar value reaches a relatively constant low level 
prior to the appearance of proteolytic changes is necessary in order to control 
the texture and color of the resulting dried product. 

SUMMARY 

1. Bacteriological studies on eight samples of commercially fermenting egg 
white revealed the presence of bacteria of the genera Aerohacter or Escherichia 
in such predominating numbers as practically to exclude other bacterial types. 

2. Chemical studies on the fermentation of egg white separated from fresh 
eggs and inoculated from commercially fermenting egg white showed that during 
the first 72 hours of fermentation there was a production of acid at the expense 
of the sugar. During this time no appreciable hydrolysis of protein occurred. 
Marked evidence of proteolysis was found at 96 hours. By this time the sugar 
level had been reduced to a relatively low constant value. Protein hydrolysis 
was accompanied by a pronounced increase in the pH value. 

3. Egg white separated from fresh eggs with a low initial bacterial count 
fermented slowly and irregularly. 

4. Egg white separated from fresh eggs with a relatively high initial bacterial 
count, due to shell contamination, fermented rapidly and regularly. 

5. Egg white separated from storage eggs with a high initial bacterial count, 
essentially independent of shell contamination, but originating from the interior 
of the egg, fermented slowly and incompletely. No bacteria of either the 
Aerohacter or Escherichia genera were foimd in these egg whites. 
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6. Thawed frozen egg white fermented rapidly and regularly. The course 
of the fermentation did not appear to be essentially different from that observed 
with egg white from fresh eggs contaminated with egg shells. 

7. Dried fermented egg white retained its original color during storage in the 
laboratory at room temperatures for four months whereas dried unfermented 
egg white turned dark reddish brown. 

8. Batches of fermented egg white in which Aerobacter and Escherichia types 
predominated during fermentation were found to yield a bright, crystalline, 
granular product on drying. Batches of fermented egg white in which such 
proteolytic bacteria as strains of the genera Proteus^ Serratia^ and Psevdomonas 
persisted throughout the fermentation period, yielded a dull, dingy, and amor- 
phous product upon drying. 
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The question — do bacterial species have a sexual stage with consequent reduc- 
tion, segregation and recombination of their inheritance? — ^is fundamental to an 
understanding of pathogenicity, of virulence changes, or any other genetic varia- 
tion. If bacteria have sexual stages, rapid segregation and recombination of any 
heterozygous inheritance into new variation would be possible. If reproduction 
is strictly asexual then inherited variation is limited to the less frequent process of 
mutation or possibly somatic segregation. A critical technique to throw light on 
this question is urgently needed. 

Character differences within a bacterial species furnish the necessary material 
for such a test. These characteristics may be yellow vs. white colony color, 
rough vs. smooth colony type, cataphoric movement to -f or — poles, or any 
other character pairs for which it is possible to establish strains giving consist- 
ently the same progeny types, 

Two types, i.e., yellow and white colony color, are carried in separate pedigree 
cultures in sufficient serial platings to demonstrate that these types will give 
nothing but yellow colonies on the one hand or white colonies on the other. The 
two types are seeded into the same sterile broth tube or inoculated into a suitable 
host to give opportunity for sexual fusion to occur between bacteria of the two 
types. At successive time intervals bacteria, which may be the resultant of the 
fusion of the two types, are plated out. Such bacteria, i.e., those resulting from 
fusion, should be heterozygous for the differential characteristics and should 
segregate for these types in succeeding generations. A second plating is made to 
test this point. If sexual reproduction by fusion of two different bacteria were 
reasonably frequent, individual colonies should be obtained on the first plating 
which could be demonstrated to segregate in the second plating for both yellow 
and white progeny. Observing these types would presumably only necessitate 
examination of sufficient munbers of bacteria from the mixed culture. If re- 
production is only by simple fission, however, only yellow progeny should be 
obtained from yellow colonies selected in this generation and only white colonies 
from white. A differential is consequently offered for the two methods of re- 
production especially if the experiments are repeated on several different char- 
acter pairs. This technique is not greatly different from that of Sherman and 
Wing (1937) save for the emphasis which we place on establishing the purity 
of the initial strains and a progeny test. 

Because of its own interest and significance this technique has been applied to 

^ Journal Paper No. J-789 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project Nos. 404 and 573. 
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strains of PhyUmonaa etewartii (E.F.S.) Bergey et oL. which dififered in color, 
yellow vs. white; in colony type smooth vs. rough; and in pathogenicity. 

Bacterial stocks of white strains and yellow stredns were tested for purity by 5 
successive platings from ^gle colonies. Cultures were taken from these known 
pure white and pure yellow strains and inoculated into the same nutrient broth. 
These broth cultures of mixed bacteria were grown at summer room tempera- 
ture. The data are shown in table 1. Samples for plating were taken at 1, 3, 7, 
14, 21, 28 and 60 days. A total of 1927 yellow colonies and 145 white colonies 
from mixed broth cultures were plated individually onto agar with a smear tech- 
nique. The mixture of A87 X 105 (see table 1) was further differentiated by 
being marked by the characters smooth and rough. The 363 yellow colonies of 
this derivation were smooth, the 35 white colonies were rough. The colonies on 
each plate were observed at 16 diameters for any segregation of yellow vs. white, 

TABLE 1 

Progeny of bacterial strains where opportunity for sexual fusion is present 


PAXSNT 8TSAZNS MIXED TOGETBES— STSAIM NO. AND PHENOTYPE 


DUEATION 

S15 and 105 

A87 and 105 

101 and 105 

OF TIME 
WHEN FUSION 
COUU) TAKE 

Rough yellow 

Rough white 

Smooth yellow 

Rough white 

Rough yellow 

Rough white 













PLACE 





Types recovered from progeny 






Pure 

yellow 

Pure 

white 

Mixed 

Pure 

yellow 

Pure 

white 

Mixed 

Pure 

yellow 

Pure 

white 

Mixed 

days 













1 

67 


5 

2 









3 

125 


5 


54 


5 


50 


5 


7 

70 


5 


40 


5 


140 

10 


14 

40 

10 


137 

10 


100 


5 

2 

21 

263 


5 


42 


5 


186 

16 


28 

80 




30 


5 

i 

100 


5 


60 

80 

20 


60 


5 


263 

15 


Total.... ^ 

725 

55 

2 

363 

35 


839 

55 

2 


of smooth vs. rough, or both characters as the case might be. With 4 exceptions 
all colonies were pure for type. The exceptions were all yellow colonies that 
showed a segregation for .white colonies in the second plating. From 75 to 125 
colonies from each of the segregating plates were further plated. No colony from 
the 4 segregating plates showed further segregation. It is known that bacteria of 
this species sometimes stick together, the rate being ca 1 per cent as determined 
by sectioning technique, McNew (1938). The appearance of 4 mixed colonies in 
2072 colony isolations is consequently not unexpected. These results inciden- 
tally confirm the infrequency with which a single colony is produced from two 
distinct strains of this species. 

The data of table 1 are concordant with the view that under these experimental 
conditions P. stewartii does not have a sexual fusion similar to that of higher 
forms. Sexual fusion is still possible, however, if we postulate chromatin reduc- 
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Investigations on the antimicrobial properties of actinomycetes can be divided 
into two groups: (a) those dealing with the bacteriostatic and bactericidal ac- 
tivities of these organisms, and (b) those concerned primarily with their bac- 
teriolytic properties. In both cases, the possible practical applications have 
been kept in mind. The hope of isolating specific antibacterial substances 
potentially useful for the control of infectious diseases of man, animals, or 
plants has been general. Interest in the lytic agents is dominated by the pos- 
sible use of bacterial lysates for vaccination purposes. 

HISTORICAL 

Since the literature concerning the antibacterial action of actinomycetes 
(and other microorganisms) has recently been fully reviewed by Waksman 
(1941), it will be sufficient to recall here that antibiotic properties are widely 
distributed among these organisms, as shown by the work of Nakhimovskaia 
(1937), Krassilnikov and Koreniako (1939), Alexopoulos (1941), Waksman, 
Woodruff and Horning (1941) and Welsch (1942). At the present time, two 
powerful antimicrobial agents have been obtained from cultures of actinomy- 
cetes. The first was designated as actinomycin; it was obtained from Actino- 
myces antibioticus (Waksman and Woodruff, 1940a), and has been purified 
and crystallized (Waksman and Woodruff, 1940b, Waksman and Tischler, 
1942). The second, designated as streptothricin, was obtained from a strain 
of Actinomyces lavendulae (Waksman and Woodruff, 1942). The bacteriolytic 
properties of actinomycetes, with which the present paper is mostly concerned, 
are less well understood than their bacteriostatic activities. 

The credit for having first recognized the ability of actinomycetes to destroy 
microbial cells is generally given to Gasperini (1890), who observed, in the 
course of his classical researches on Streptothrix foersteri Cohn, that the fila- 
ments of this organism may destroy the cell-membrane of several bacteria 
and fungi. The first experimental study of the bacteriolytic action of actinomy- 
cetes, however, did not begin until 30 years later. Lieske (1921) not only 
described the antagonistic effects of actinomycetes on Staphylococcus aureus^ 
but also reported the dissolution of various dead or living bacteria, incorporated 
in water-agar, by actinomycetes streaked on the surface of this medium. 

In the course of investigations on bacteriophage, Gratia and Rhodes (1924) 

1 Journal Series Paper, N. J. Agr. Exp, Station, Rutgers University, Department of Soil 
Microbiology. 

* Fellow of the Belgian American Educational Foundation, Inc. 
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described the phenomenon of isophagy of staphylococci. This observation 
led Gratia and Dath (1924-1931) to the discovery, quite independently of 
Lieske, of the bacteriolytic action of actinomycetes; it was found that these 
organisms are able to dissolve many heat-killed or living pathogenic bacteria 
suspended in water. The lysates, although much less toxic than the non- 
treated suspensions, were very good antigens. Accordingly, Gratia (1930-1934) 
employed these “mycolysates’’ as a therapeutic agent in several infectious 
diseases of man. Rosenthal (1925) also observed the lysis of Corynebacterium 
diphtheriae by an actinomyces contaminating the Loeffler's medium plate. 

These cases of bacteriolytic action of actinomycetes are closely related to 
the type of activity exhibited by a species of Actinomyces belonging to the 
A, albus group, which has been extensively studied by the writer (Welsch, 
1936-1939, 1937, 1938, 1941)«. 

A summary of the antibacterial properties of this organism follows. 

Actinomyces G grows readily in liquid or agar mineral media containing heat- 
killed or chemically killed gram-negative or gram-positive bacteria, or living 
gram-positive bacteria. The bacterial suspensions become clarified after a 
few hours in the case of heat-killed gram-negative bacteria and only after 2 to 
3 days in the case of either heat-killed or living gram-positive organisms. It is 
essential that the bacterial suspensions be inoculated with a sporulating broth- 
culture of Actinomyces G and that a small amount of the culture medium be 
transferred together with the organism. The antagonist grows very scantily 
in suspensions of living gram-negative bacteria where it produces no lysis at all. 
It dissolves killed bacteria suspended in nutrient-broth but does not affect 
living bacteria to any extent under those conditions (Welsch, 1936-1939). 

Sterile filtrates of broth-cultures of Actinomyces G, obtained after sporulation, 
were designated as ‘‘actinomycetin’’ (Welsch, 1937); they dissolved in a few 
hours suspensions of heat-killed gram-negative bacteria and in 24 hours those of 
heat-killed gram-positive bacteria. They had no action, however, on most 
living gram-positive bacteria, although partial lysis of Klebsiella pneumoniae^ 
Streptococcus hemolyticus and Staphylococcus aureus was obtained. They had 
no action on any living gram-negative organism so far tested. 

The properties of the lytic agent are those of a protein (Welsch, 1936-1939) 
and of an enzyme (Welsch, 1938). Concentrated preparations of the lytic 
agent have been obtained (Welsch, 1941), but, though active upon killed bac- 
teria, they were inactive when tested on most living organisms. 

By the use of the cross-streak method, it has been shown that Actinomyces G 
has a bacteriostatic effect against many gram-positive bacteria but not against 
any of the gram-negative organisms examined (Welsch, 1942). 

Crude actinomycetin (Welsch, 1937) has no bacteriostatic activity, but con- 

» The identity of this organism with any one member of the highly heterogeneous A. aZ5Ms 
group (Duch6, 1934) has not yet been established. The organism will, therefore, be desig- 
nated in the present paper as Actinomyces G, in homage to Dr. A. Gratia who was one of the 
first to undertake a systematic study of the occurrence of bacteriolytic organisms in nature. 
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centrated preparations, added to nutrient-agar, prevented the growth of several 
gram-positive bacteria (Welsch, 1941). Ether-extracts of actinomycetin had a 
notable bactericidal action on gram-positive bacteria suspended in an inorganic 
medium; this action was greatly reduced in the ordinary complex culture-media. 
The active agent appeared to be a lipoid, probably a fatty acid. Part of it 
originated from the culture-medium, since similarly active extracts were ob- 
tained from sterile media; another part of it was, undoubtedly, produced as a 
result of the growth of the Actinomyces (Welsch, 1941). ‘‘Actinomycin 
produced by Actinomyces antibioticus is, presumably, of a similar nature (Waks- 
man and Woodruff, 1940b). 

Bacteriolysis of living bacteria by Actinomyces G was visualized as a two-step 
reaction: first, the susceptible ceUs are killed by the selectively bactericidal 
lipoid; second, those dead cells are then dissolved by the bacteriolytic enzyme 
(which alone is responsible for the lysis of heat-killed bacteria). The phe- 
nomenon does not take place in complex culture-media, since the bactericidal 
action of the lipoid is greatly impaired imder those conditions, and the presence 
of living Actinomyces is generally necessary, since free lipoid should be secreted 
in the susceptible suspension (Welsch, 1941). 

Another type of bacteriolysis by actinomycetes, especially by Actinomyces 
violaceuSy was reported recently by Krassilnikov and Koreniako (1939) and by 
Kriss (1940). The active principle involved differs notably from the lytic agent 
of actinomycetin, since it is relatively thermostable, resistant to ultra-violet 
radiations, easily adsorbed on various substrates and most abundantly produced 
in synthetic media. Like the lytic agent of actinomycetin, it is soluble in water, 
insoluble in organic solvents, and less active in acid media. This agent was 
said to resemble egg-white lysozyme (Fleming, 1922) ; however, the justification 
of this assumption may be questioned. The nature of the active principle re- 
mains wholly unknown, whereas lysozyme has been purified and crystallized 
(Meyer et aL, 1936; Roberts, 1937 ; Abraham, 1939). The bacterial constituent 
acted upon by the new agent is not known, whereas the component susceptible 
to lysozyme has been isolated (Epstein and Chain, 1940) and shown to be a 
polysaccharide. Staphylococci are the organisms most susceptible to the new 
agent which has^no selective action on Micrococcus lysodeikticus) the latter is 
the best test-organism for lysozjnne, which has virtually no action on staphy- 
lococci (Thompson and Khorazo, 1935). Lysoz 3 une is further resistant to 
acidification, even at a high temperature (Thompson, 1941). 

CULTURES AND METHODS 

Source of cultures studied. Altogether, 275 strains of actinomycetes were used. 
These may be divided into two groups: first, 111 cultures taken at random from a 
series of 250 strains freshly isolated from various soils by Mrs. E. S. Horning, 
in this laboratory; second, 164 strains, including representatives of the genera 
Actinomyces, Proactinomyces and Micromonospora, isolated from various soils, 
marine material, potatoes, lake-mud, etc., were obtained from the type culture 
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collection of the N. J. Age. Exp. Station. The latter strains had been kept in 
the collection for periods of time ranging from a few months to more than 
25 years. 

Cultivation of the actinomycetes. Stock-cultures were maintained on slants of 
beef-extract-peptone-agar and of modified Czapek’s-agar. Spore-suspensions in 
sterile tap-water were obtained from such slants for the inoculation of all experi- 
mental cultures. The actinomycetes to be tested for bacteriolytic activity were 
grown at 30®C. in 25 ml. portions of broth. Cultures on nutrient-agar plates 
or on starch-tryptone-agar^ in Blake bottles were used in the tests for bacterio- 
static activity. 

Test-organisms. A strain of Escherichia coli, isolated by the writer from the 
urine in a case of cystitis, was used as a typical representative of gram-negative 
organisms. A strain of Staphylococcus aureus, isolated from a carbuncle, was 
used as a typical representative gram-positive organism. A collection strain 
of Bacillus subtilis and one of Sardna lutea were widely used in the tests of 
bacteriostatic activity. A strain of Micrococcus lysodeikticus, originally ob- 
tained from Dr. Fleming, was used for lysozyme tests. In addition, a number 
of bacterial strains of various origin were used and will be listed in the descrip- 
tion of the corresponding experiments. 

The stock-cultures of the test organisms were maintained on beef-extract- 
peptone-agar slants or on serum-agar (pneumococci, streptococci. Neisseria, 
coiynebacteria). Suspensions of the organisms in sterile tap-water were made 
from 24- or 48-hour-old slants for the inoculation of all experimental cultures. 

The bacteria to be tested were grown for 24 or 48 hours at 30® or 37® on 25 ml. 
beef-extract-peptone-agar or serum-agar in Blake bottles. The cells were then 
aseptically suspended in 5 ml. of sterile mineral salt solution (Czapek without 
sugar). In experiments with living test-organisms, this heavy bacterial suspen- 
sion was used directly after suitable dilution. In experiments with heat-killed 
test-organisms, the bacterial suspension was first inactivated either at 65® for 
30 minutes or in a boiling water-bath for five minutes, then suitably diluted. 

Tests for lysis by growing actinomycetes. Three slightly different methods 
were used, and records made after 18, 24, 48, and 72 hours incubation, at 30®C. 

(a) The heavy suspension of test-organisms, either fresh or heated, was diluted 
with sterile mineral solution until a turbidity equivalent to that of 10* cells per 
ml. was obtained. The Fulfrich-Zeiss nephelometer was used for standardiza- 
tion (Welsch, 1938). The dilute bacterial suspension was aseptically distributed 
(4.5 ml. portions) in test-tubes and each tube inoculated with 0.5 ml. of a 
broth-culture of the actinomyces. Evidence of lysis was sought by direct 
examination or by nephelometric measurements. A slightly different procedure 
was \ised in the tests with living organisms. The mineral solution was distrib- 
uted in 250 ml. Erlenmeyer flasks (25 ml. portions), sterilized, inoculated 
with 0.5 ml. of a broth-culture of the actinomyces, and incubated at 30® for 48 

* Bacto-tryptone, 10 gm.; corn starch, 5 gm.; NaCl, 0.2 gm.; KjHPOi, 0.2 gm.; bocto- 
agar, 10 gm.; Tap-water, 1000 ml. 
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hours. Thereafter, a suitable amount of the heavy bacterial suspension was 
aseptically added to each flask to obtain the desired turbidity. After further 
incubation, the extent of lysis was determined. 

(b) The heavy bacterial suspension was suitably diluted in melted and cooled 
soft (0.6%) synthetic agar. This was next distributed in test-tubes, in 6 ml. 
portions, and allowed to solidify. Each tube was inoculated with 0.2 ml. of a 
broth-culture of the actinomycetes and incubated. Development of the actino- 
mycetes on the surface, the presence of a clarification zone underneath, its 
depth and intensity, and the presence of alternately clear and dark rings were 
recorded. 

(c) The heavy suspension was suitably diluted in melted and cooled synthetic 
agar (1.5%); this agar was then poured into Petri dishes, in 15-20 ml. portions, 
and allowed to solidify. Each plate was inoculated with four different actino- 
mycetes, streaks about 2 cm. in length being made. After incubation at 30®, 
growth of the actinomycetes, formation and width of clear zones around the 
colonies were determined. 

Tests for lysis by soluble products of actinomycetes. For this purpose, either 
liquid or solid medium was used. The heavy suspension of fresh or heat-killed 
bacteria was suitably diluted in M/15 phosphate buffer of pH 8.0; the dilute 
suspension was then aseptically distributed in test-tubes (4.5 ml. portions) and 
wanned to 38® in a water-bath. To each of several tiAes was then added 0.5 ml. 
of a paper- or Seitz-filtrate of a broth-culture of the actinomycetes previously 
wanned to 38®C.; at this moment, the time was recorded with a stop-watch. 
The mixture was kept at 38® in a water-bath; samples were removed from time 
to time, rapidly cooled in ice, and examined in the nephelometer. With heat- 
killed gram-negative organisms, samples were examined during a period of 20 
to 120 minutes and the mathematical relations described by the writer were 
used to express the activity in “mycolytic units^’ (Welsch, 1938). With heat- 
killed gram-positive bacteria and with living microorganisms, the examination 
of the samples was extended through a period of 24 to 48 hours. In each case, 
bacterial suspensions without filtrate and bacterial suspensions with boiled 
filtrate added were used as controls. When a solid medium was used, bacterial- 
agar plates were prepared as described above. Fragments of sterile agar were 
taken in the vicinity of the actinomycetes grown on various solid media and 
transferred to the bacterial-agar medium. After incubation at 37®, presence 
and width of the clarification zone surrounding the bits of agar were recorded. 

Test for bacteriostatic action of growing actinomycetes. The actinomycetes to 
be tested were streaked across a plate of nutrient-agar and incubated for 48 
hours at 30®C. A loopful of a suspension of each test-organism in tap- water 
was streaked at a right angle from the periphery of the plate toward the culture 
of the actinomyces. Three test-organisms were generally used on every single 
plate. After further incubation for 24 hours at 30® or 37®, the presence and the 
width of a sterile zone in the proximity of the Actinomyces were recorded. 

Test for bacteriostatic action of soluble products from actinomycetes. Paper- 
filtrates from broth-cultures as well as extracts from tryptone-starch agar- 
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cultures were tested. The extracts were obtained by shaking the cultures 
vigorously in 25 ml. of sterile tap-water, allowing to stand for two or more hours 
and filtering aseptically through paper. To test the activity, vajying quantities 
of the filtrates were diluted in 10 ml. nutrient-agar, which was poured into a 
Petri dish and allowed to solidify. The test-organisms, four per plate, were 
streaked on the treated medium, tap-water suspensions of the bacteria from 
24-hour-old slants being used. Occurrence of normal or reduced growth or 
absence of growth was recorded by comparison with the type of growth obtained 
on the control medium. 


EXPERIMENTAL RESULTS 

Type of bacteriolytic activity produced by actinomycetes 

From a series of 250 cultures of actinomycetes, freshly isolated from various 
soils. 111 strains were taken at random, inoculated on living-staphylococcus 
mineral-agar and incubated for 6 days. At the end of this period, 39 strains 
had produced a clarification of the surrounding medium, whereas 72 cultures 
were inactive. For more detailed study, 42 cultures were selected from the 
above 111; they included 21 of the most active, six of the least active and 15 of 
the inactive strains. Actinomyces G was added to the series for the purpose of 
comparison; in all tests, this organism was as active as, or more active than, 
any of the strains studied. 

The actinomycetes were inoculated in nutrient-broth and examined for bac- 
teriolytic action on heat-killed E, coli and S. auretcs^ as well as on living E. coli 
and S, aureus. With each of these four substrates, the three methods above 
described were employed. On the basis of the results obtained, the strains were 
arbitrarily classified as highly active, moderately active or inactive. A final 
classification of the strains, on the basis of their action on each substrate, was 
next made by a careful comparison of the results recorded in the three different 
tests. Thus, organisms falling in the same activity-group in all three tests or in 
two of the three tests were finally classified in that group. Organisms falling 
in a different group in each test were classified in the middle group, i.e. as 
moderately active. At last, a statistical comparison of the ability of actino- 
mycetes to attack the different bacterial substrates was made by the four-fold 
table and ‘‘chi-square*^ method (Fisher, 1930; Pearl, 1930). 

The tests in soft mineral-agar were made with transfers from two-day-old 
cultures of the actinomycetes; when killed bacteria were used, they were in- 
activated in a boiling water-bath for five minutes. Tests in mineral agar were 
made with transfers from eight-day-old broth-cultures of the actinomycetes and 
tests in mineral-solution were made with transfers of eleven-day-old cultures; 
when killed bacteria were used in these two tests, they were inactivated at 
65®C. for 30 minutes. 

Before testing for lysis of living bacteria, it was thought desirable to demon- 
strate that the test-organisms survived long enough in the basic mineral solution 
to permit experiments extending over a period of three days. For this purpose, 
suspensions of S. aureus and E. coli in mineral-solution were incubated at 30® 
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for four days and colony-counts by the plate method made daily. The number 
of viable cells in suspension was calculated from the average number of colonies 
counted on five replicate plates. It was found that the test-organisms survived 
well within the limits of time needed for the experiments. 

Growth of all actinomycetes tested was obtained on heat-killed S, aureus and 
E, colt as well as on living S, aureus) on the contrary, only a few strains grew, 
and very scantily, on living E. colt. 

With heat-killed suspensions in soft-mineral-agar, evidence of lysis was ob- 
served within 18 hours after inoculation with some of the actinomycetes; with 
other strains, however, lysis was not observed until after incubation for two 
days. The zone of lysis was always very sharp and, after three days, its depth 
varied from six to 20 mm. In many cases, there was a second sharp zone of 
partial lysis, five to 25 mm. deep, under the clear zone. With living S. aureus 
in soft-mineral-agar, evidence of lysis after 18 hours was observed only with a 
few strains but was commonly found after 48 hours; the depth of the clear zone, 
after three days, varied from five to 20 mm. The presence of a zone of partial 
lysis underneath the region of complete clarification was seldom observed, but 
the production of clear zones alternating with darker rings was of common 
occurrence. The phenomenon was highly dynamic, since the position of the 
deeper dark bands changed progressively, whereas the dark rings closest to the 
surface gradually faded away and eventually disappeared. This phenomenon, 
which is probably related to the, as yet unexplained, Liesegang^s rings, was 
never observed with heat-killed bacteria. This suggests that it is the result of 
some biological activity of the test-organism. 

In mineral-agar, evidence of lysis was generally not observed before 48 hours. 
The clear zone had a width of two to 12 mm. with heat-killed bacteria, and of 
two to 10 mm. with living S. aureus. In this last case, the production of dark 
rings was occasionally noted, but this phenomenon was less frequent and less 
conspicuous than in soft-agar. 

In mineral-solution, a decrease of turbidity of the heat-killed suspensions was 
observed after a few hours’ incubation, in a small number of cases. With most 
of the active organisms, however, evidence of lysis was obtained only after 24 
to 48 hours; after that time, the effect produced varied from a partial clarifica- 
tion to a complete clearing. In the case of living S. aureus, the actinomycetes 
were incubated in mineral-solution for 48 hours before the introduction of 
susceptible cells; evidence of lysis was generally found after 18 or 24 hours; the 
lysis remained partial or, most often, became complete after 48 hours. 

Not a single strain of the many actinomycetes tested was found able to pro- 
duce lysis of living E, coli by any of the methods used. 

The distribution of the different types of bacteriolytic properties of actino- 
mycetes is indicated in table 1. This table shows that about the same number 
of strains fell into each of the three activity-groups, whether the test-organism 
used was heat-killed E. colt, heat-killed S. aureus or living S. aureus. The 
results do not show, however, whether the organisms placed in corresponding 
groups for their action on different substrates are the same or not. The fourfold 



678 


MAURICE WELSCH 


tables demonstrate, respectively, the relation between activity of actinomycetes 
on heat-killed E. coli and on heat-killed S. aureus (table 2), and between their 
action on heat-killed S. aureus and on living 8. aureus (table 3). It may be 


TABLE 1 

Lytic action of actinomycetes on various bacterial substrates 


8X7BSTBATE 

ACTIVITY 

MTTMBEX OF STSAINS ACCOSOINO TO ACTIVITY 

AND UETHOO 

Soft-agar 

Agar 

Solution 

Final 

classifica- 

tion 

[ 

H — h 

12 

16 

19 

12 

Heat-killed E, coli* -j 

+ 

20 

12 

7 

17 

1 



14 

16 

13 

f 


15 

11 


12 

Heat-killed S, aureusf -I 


17 

18 


17 

1 



13 

24 

13 

f 


7 

7 

24 

8 

Living 8. aureus} < 


23 

14 

3 


i 


12 

21 

15 

14 

[ 


0 


0 


Living E. coli 

+ 

0 


0 


i 

0 

42 

42 

42 

42 


♦ In soft agar: +-1- “ clear zone 3-10 mm. deep in 18 hours; 14-20 mm. in 3 days; -f » 
zone appearing after 48 hours; &-12 mm. deep in 3 days; 0 = no clarification in 3 days. 

In agar: ++ = clear zone 3 mm. in 2 days; 7-12 mm. in 3 days; -f- = Zone smaller than 
6 mm. wide in 3 days; 0 « no clarification in 3 days. 

In solution: ++ = complete clarification in 2 days or less; + ** partial lysis in 2 days; 
0 » no lysis in 3 days. 

t In soft agar: ++ « lysis noticeable after 18 hours; zone 10-20 mm. deep in 3 days; 
+ =* lysis noticeable after 48 hours; zone 4-10 mm. deep in 3 days; 0 = no lysis in 3 days. 

In agar: ++ =* zone 4-10 mm. wide in 3 days; + = zone smaller than 4 mm. in 3 days; 
0 = no lysis in 3 days. 

In solution: ++ =* complete clearing in 2 days or less; + =» partial lysis in 2 days; 
0 « no lysis in 3 days. 

t In soft agar: 4-+ ® lysis noticeable in 18 hours; zone 10-20 mm. in 3 days; -h *» lysis 
noticeable in 48 hours; zone 4-10 mm. in 3 days; 0 = no lysis in 3 days. 

In agar: +-h zone 3-10 mm. in 3 days; + = zone 1-3 mm. in 3 days; 0 = no lysis in 3 
days. 

In solution: ++ = complete lysis in 2 days or less; + “ partial lysis in 2 days; 0 ■■ no 
lysis in 3 days. 

seen from these tables that most organisms capable of lysing one substrate are 
also able to dissolve the others. The statistical significance of the results may 
be ascertained by the “chi-square” method, which shows, in effect, that the 
experimental data are clearly opposed to the hypothesis of independence of the 
properties tabulated. 
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In the absence of a pure preparation of the l3rtic agent, it is, of course, im- 
possible to know, by direct experiment, whether a single lytic principle is 
responsible for the action observed on the three different bacterial substrates 
used. The statistical evidence brought forward indicates that there is no reason, 
in the absence of contrary experimental data, to assume that different specific 
lytic agents are responsible for the action of any strain on different bacterial 
substrates. 


TABLE 2 


Fourfold table showing the relation between bacteriolytic action on heat-killed E, coli and on 

heat-killed S, aureus 



LYSIS OF S. AX7BEUS I 


LYSIS or E. COLI 



TOTAL 


+ 

0 


26 

3 

29 

0 

3 

10 

13 

Total 

29 

13 

42 



Chi square = 


[(26.10) - (3.3)p-42 
29-13. 29-13 


18.61. 


P < 0.01. 

* 4 - 8 = high or moderate bacteriolytic activity; 0 » no lytic activity. 


TABLE 3 

Fourfold table showing the relation between bacteriolytic action on heat-killed S, aureus and 

on living S. aureus 



LYSIS OF HEAT>K1LLED 8. AUIEUS I 


LYSIS OF LIVING 8. AUSEUS 



TOTAL 

+ 

0 

+ 

26 

2 

28 

0 

3 

11 

14 

Total 

29 

13 

42 


Chi square 
P < 0.01. 


[(26.11) - (3.2)]«-42 
28-14-29-13 


22.28. 


The bacteriolytic activity of seven-day-old broth-filtrates of the actinomycetes 
was next studied by the liquid-medium method, using heat-killed and fresh sus- 
pensions of both E. coli and S. aureus. The distribution of lytic properties 
against heat-killed bacteria was found to be somewhat less common than the 
distribution of activity associated with the growth of the organisms. On the 
other hand, lytic activity of filtrates against living S. aureus was always slight 
and was far from common; no action was found on living E, coli (table 4). 
Since indirect evidence has been given that the same lytic agent is responsible 
for the dissolution of all three susceptible bacterial substrates, the apparent 
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discrepancy between the action of filtrates on heat-killed or living organisms 
requires explanation. It may be attributed to quantitative differences, the 
concentration of the active principle in the filtrates being sufficient to act on the 
more susceptible heat-killed bacteria but too low to affect the more resistant 
living organisms. Concentrated preparations of actinomycetin, however, were 
shown to have no lytic action on living organisms (Welsch, 1941). Another 
explanation is that the lytic agent acts only on dead bacteria and that actino- 
mycetes able to dissolve living organisms produce not only the lytic principle 
but also a bacteriotoxic substance. This second hypothesis has been discussed 
in connection with the study of Actinomyces G (Welsch, 1941), and evidence 
that growth-inhibiting properties of actinomycetes are significantly associated 
with their ability to lyse living S. aureus will be given later. 

TABLE 4 

Bacteriolytic action of soluble products from actinomycetes 


NmCBES OF FXI.TSATE8 OF OIFFEKENT OFOANISMS 


SUSCXPTIBLE OKGAMXSMS 

AND THSn ACTIVITY 

++• 

+ 

0 

Heat-killed E. coli 

11 

18 

13 

Heat-killed S. aureus 

11 

18 

13 

Living S. aureus 

4 

0 

38 

Living E. coli 

0 

0 

42 


* -f + “ highly active; i.e. 25-200 mycolytic units per ml, on heat>killed E. coli; turbidity 
of heat-killed S. aureus suspensions reduced to 50% or less of its original value in 2 days 
or less; turbidity of living S, aureus suspension reduced to 75% or less of its original value 
in 2 days. 

-h * moderately active; i.e. less than 25 mycolytic units per ml. on heat-killed E. coli; 
turbidity of heat-killed S, aureus suspension reduced to at most 50% of its original value 
in 2 days; no action on living S. aureus. 

0 « no lytic action. 

The ability of actinomycetes to manifest ‘^induced antagonism’^ (Schiller, 
1914-1931) was also examined. For this purpose, the strains studied were 
grown on heat-killed and living suspensions of E. coli and S. aureus, in nitrogen- 
free mineral solution, with or without the addition of three per cent sucrose. 
After incubation at 30® for seven days, transfers from each of the eight cultures 
obtained with each Actinomyces were tested for bacteriolytic action on fresh or 
killed E. coli and S. aureus, suspended in nitrogen-free solution and in nitrogen- 
free soft agar. Transfers from seven-day-old cultures in broth were also used 
for comparison. In all cases, the activity of every strain tested was highest 
when grown in nutrient-broth; no ‘‘induced” action on E. coli was observed, 
transfers from cultures with bacteria being as inactive as those from broth- 
cultures. The same negative results were recorded when filtrates from the bac- 
terial suspensions inoculated with the actinomycetes were examined for bacterio- 
lytic activity, in comparison with filtrates from broth cultures. 

Although the production of adaptive enz 5 niies by bacteria is a well-known 
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phenomenon (Dubos, 1940), all attempts to demonstrate the formation of 
adaptive bacteriolysins by Actinomyces G (Welsch, 1941) or by the actinomycetes 
used in the present study have failed. It may be concluded, therefore, that the 
theory of induced antagonism cannot be used for an interpretation of the facts 
observed with these organisms. 

The claim of Krassilnikov and Koreniako (1939) and of Kriss (1940) that 
actinomycetes produce a lytic substance closely related to lysozyme has already 
been discussed from a theoretical point of view. It was thought desirable to 
obtain further experimental evidence on the possibility of production of true 
lysozyme by those organisms. For this purpose, advantage was taken of the 
high susceptibility of M. lysodeikticm (Fleming, 1922) to lysozyme of various 
origins (Roberts et 1938). Suspensions of this organism in mineral solution 
at 37® were dissolved in a few minutes by a 1/100 dilution of egg-white. Similar 
suspension, treated with paper-filtrates from four and eight-day-old broth and 
Czapek’s-cultures of the actinomycetes, were not clarified in two days. A re- 
duction of turbidity was observed, however, with four filtrates having a similar 
action on suspensions of S. aureus. This action cannot be attributed to lyso- 
zyme since staphylococci are highly resistant to this agent (Thompson and 
Khorazo, 1935). The particular strain used in these experiments was unaffected 
after incubation at 37® for two hours in a 1/5 dilution of egg-white. 

Suspensions of M, lysodeikticus were also inoculated with the different actino- 
mycetes, but lysis was observed only after 48 hours and only with those strains 
that were able to dissolve fresh S. aureus within the same limits of time. 

It may, therefore, be concluded that the production of true lysozyme by 
actinomycetes is yet to be demonstrated. 

The distribution of hacteriolytic and bacteriostatic properties among actinomycetes 

A study was next made of the distribution of bacteriolytic and bacteriostatic 
properties among 164 actinomycetes obtained from the New Jersey Type culture 
collection and of the relations between the two properties. The series of actino- 
mycetes included representatives of the three genera Actinomyces^ Proacti- 
nomyces, and Micromonospora, and consisted of 62 unidentified strains and of 
?02 identified organisms, representing at least 85 distinct species or varieties. 

Since organisms able to dissolve one of the various susceptible bacterial sub- 
strates used are generally capable of acting also on the others, the distribution 
of bacteriolytic properties among the actinomycetes was studied mainly by the 
use of living S. aureus. This bacterial substrate was previously shown to be 
the most resistant but also the most interesting. 

The three methods of assay above described were used. The final classifica- 
tion of the tested strains into three groups (highly active, moderately active and 
inactive) was obtained, as shown above. 

Broth-filtrates from eight-day-old cultures of the 24 most active organisms 
and of 43 of the less active forms were tested for lytic action on killed and fresh 
E, coli and S. aureus. 

As shown in table 5, bacteriolytic properties are widespread among the actino- 
mycetes, but the production of a soluble lytic agent, in a concentration sufficient 
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to permit detection, appears to be less widely distributed than bacteriolytic 
ability of the organisms themselves. 

Available information on the wide distribution of bacteriostatic properties 
among soil actinomycetes merely tells us what proportion of active strains may 
be found in various soils. It does not indicate to what extent antibiotic activities 
are distributed among the different species or whether these activities are char- 
acteristic of certain species or of special strains. According to the state of 
confusion still existing in the classification of actinomycetes, an answer to those 
questions is not likely to be soon forthcoming. For practical purposes, the best 
approach to this problem is probably a systematic study of well-known culture- 
collection strains. The fungistatic action of 80 different species has already been 
studied (Alexopoulos, 1941). 

Using the cross-streak method above described, it was found that, in addition 
to its various bacteriolytic abilities, Actinomyces G possesses the power of 


TABLE 5 

Distribution of bacteriolytic properties among actinomycetes 



1 ACTIVITV ON LIVING S. AUXEUS 


PKEPARATION 




TOTAL STKAINS 


++ 

+ 

0 


Number of strains* 

24 

54 

86 

164 

Per cent of strains 

14.63 

32.93 

62.44 

100 

Number of filtrates t 

9 

11 

47 

67 


ACTIVITY ON HEAT>KllXEO £. COLI AND S. AUEEUS 

Number of filtratesf 

23 

25 

19 

67 


* See table 1. 
t See table 4. 


inhibiting the growth of several gram-positive bacteria. Inasmuch as such a 
property has been invoked to explain by a two-step mechanism the bacteriolysis 
of living organisms (Welsch, 1941), it was thought desirable to study the distri- 
bution of bacteriostatic ability among the organisms of the present series, and 
to compare this distribution to that of bacteriolytic properties. 

The bacteriostatic properties of the 164 strains were examined by the cross- 
streak method. Three test-organisms were used: E. coli, S, aureus^ and Bacil- 
lus subtilis. 

Inhibition of E. coli was observed only in one case, namely, by a strain of 
Actinomyces lavendulae studied by Waksman and Woodruff (1942). Inhibition 
of S, aureus was invariably found to accompany inhibition of B. subtilis. The 
zone of inhibition of the coccus, however, was generally smaller than that of the 
bacillus. B. subtilis was inhibited by a number of actinomycetes and the length 
of the inhibition zone varied from 1 to 40 mm. It was found convenient to 
classify the organisms on the basis of their inhibitory action upon B. subtilis. 
Thus, actinomycetes producing an inhibition zone of 10 mm. or more were 
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grouped as highly active; those producing a zone of 1 to 9 mm. were termed 
moderately active; and a third group comprised all non-inhibiting strains. 

N Twenty-two highly active organisms, 33 moderately active strains and 12 
inactive ones, or 67 strains in all, were tested for the production of soluble anti- 
biotic substances. Tap-water extracts of 10-day-old cultures of these organisms 
grown on starch-tryptone-agar were obtained, as outlined above. Amounts of 
1.0, 0.3, and 0.1 ml. of each filtrate respectively, were added to 10 ml. portions 


TABLE 6 

Distribution of bacteriostatic properties among actinomycetes 


FREPAXATION 

CSOWTH-XNHXBXTION 07 B. SUBTILIS 

TOTAL 

++• 

+ 

0 


Number of strains 

22 

54 

88 

164 

Per cent of strains 

13.42 

32.93 

53.65 

100 

Number of extracts 

5 

4 

58 

67 


* ++ = highly active; i.e. inhibition zone 10 mm. long or more; for extracts, inhibition 
by 0.1 ml. per 10 ml. nutrient agar or less. 

+ « moderately active; i.e. inhibition zone smaller than 10 mm.; for extracts, inhibition 
by 1 ml. or less, but by more than 0.1 ml. per 10 ml. nutrient agar. 

0 = inactive. 


TABLE 7 


Fourfold table showing the relation between bacteriolytic and bacteriostatic properties of 

actinomycetes 



BACTEBIOSTATIC ACTION 


LYTIC ACTION 



TOTAL 

+• 

0 


-f- 

57 

21 

78 

0 

19 

67 

86 

Total 

76 

88 

164 




r«i.; 


[(57.67) - (19.21)p>164 
78.86-76.88 


P < 0.01. 

* + * high or moderate activity; 0 = no activity. 


of melted and cooled nutrient-agar which was then plated and allowed to 
solidify. Four test-organisms were streaked on each prepared plate, namely, 
E. coU, S. aureus^ S, lutea, and B. subtilis. Table 6 shows that bacteriostatic 
action is widely distributed among actinomycetes, but that only nine out of the 
67 filtrates tested, had an antibiotic activity. Filtrates from five species, 
Actinomyces antibioticus (Waksman and Woodruff, 1940), A. lavendulae (Waks- 
man and Woodruff, 1942), Proactinomyces sp.,® Actinomyces candidus, and 
Micromonospora sp, were active, inhibition of some of the test-organisms being 

* This organism was obtained from Dr. Gardner of Oxford. 
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obtained with less than 0.1 ml. filtrate per 10 ml. medium. Filtrates of four 
species, namely Actinomyces roseus^ and three agar-liquefying actinomycetes 
probably identical with Actinomyces violaceus (ruber), were weakly active. 

No rdation was found between the taxonomic position of the organisms and 
possession of antibacterial properties; in several cases, two or more strains of the 
same species gave different results. Both bacteriostatic and bacteriolytic prop- 
erties were found in representatives of the three families, namely, the Actino- 
mycetaceae, Proactinomycetaceae, and Micromonosporaceae. A knowledge of 
the respective frequency of antibacterial properties in each of these families 
cannot be obtained at present, since a systematic morphological study of the 
strains used would be necessary to determine their exact taxonomic position. 

Bacteriolytic actinomycetes were foimd in each of the three groups based on 
growth-inhibiting-power; however, they were much more numerous among the 
bacteriostatically active groups. This fact is brought out in the fourfold table 
(table 7) which, when tested by the ‘^chi-square” method, shows that inde- 
pendence of bacteriolytic and bacteriostatic properties is highly improbable. 
The fact that bacteriolytic ability is significantly associated with growth- 
inhibiting power is in good agreement with the two-step theory proposed for 
the mechanism of lysis of living bacteria (Welsch, 1941). 

Action of Actinomyces 0 and its soluble products on a variety of gram-positive and 

gram-negative bacteria 

The different antibacterial properties previously recognized in Actinomyces G 
are thus shown to be commonly distributed among actinomycetes. Further- 
more, the different properties are, most generally, associated in each active 
organism. Since Actinomyces G was in all respects (except for the bacteriostatic 
action of its filtrate) as active as any other organism studied, it was conveniently 
taken as a good representative of the kind of activity that may be described as 
activity of the “actinomycetin type.” 

Most of the experiments thus far published on the actinomycetin-type of bac- 
teriolysis were conducted with a rather small number of test organisms. In 
order to find whether the gram-staining properties of the test organisms had a 
real significance in their susceptibility or resistance (Dubos, 1941), it was thought 
desirable to examine the action of Actinomyces G and its products on a large 
number of bacteria, heat-killed as well as living. 

Altogether, 360 different strains of bacteria were used; they included 100 
gram-negative organisms belonging to the genera Brucella, Eberthella, Escher- 
ichia, Erwinia, Hemophilus, Neisseria, Pasteurella, Phytomonas, Pseudomonas, 
Salmonella and Serratia, as well as 260 gram-positive organisms belonging to the 
genera Bacillus, Corynebacterium, Diplococcus, Erysipelothrix, Phytomonas, 
Staphylococcus, and Streptococcus, 

When heat-killed, all the gram-negative organisms were susceptible not only 
to the action of growing Actinomyces G but also to the action of its active filtrate 
(actinomycetin); in the latter case, the assay values (Welsch, 1938) obtained by 
nephelometry, on various suspensions of equal turbidity varied slightly but were 
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all of the same order of magnitude. On the contrary, all living gram-negative 
organisms^tested were found resistant, not only to actinomycetin but also to the 
action of the growing Actinomyces G. In the latter case, however, some evi- 
dence of lysis was observed with species of Neisseria and Hemophilus^ but in 
both instances it was found that the bacteria were already dead in the suspension 
medium when the clarification was observed. 

All heat-killed gram-positive organisms were more resistant to lysis by growing 
Actinomyces G and by actinomycetin than any of the heat-killed gram-negative 
ones. In these experiments, when spore-forming organisms were used, care 
was taken to inactivate the suspension before any appreciable sporulation had 
occurred. 

With living gram-positive organisms, the results obtained were more complex. 
The action of the growing Actinomyces and of actinomycetin should be sepa- 
rately considered, the action on spore-formers and non-spore-formers being 
different. Growing Actinomyces G clarified the suspensions of all gram-positive 
bacteria studied, including those of spore-bearing organisms made from young, 
non-sporulated cultures; suspensions made from old cultures consisting mainly 
of spores, were unaffected. A non-sporulating variant of B. megatherium S 36 
(den Dooren de Jong, 1931), was dissolved under the same conditions as typically 
non-sporing bacteria. Actinomycetin reduced the turbidity of the suspensions 
in mineral-solution of all strains of Klebsiella pneumoniae and Streptococcus 
hemolyticus examined. The same action was observed with a few strains of 
Staphylococcus aureus and with BadUus megatherium S 36. With all other 
organisms suspended in mineral-solution it was impossible to obtain a constant 
action of the filtrate, although occasional lysis was noted with many of them. 
Better results were observed with many of the more resistant organisms by 
transferring sterile fragments of agar-medium from a culture of Actinomyces G 
on a bacterial-agar plate. Although the existence of a bacteriolytic action of 
actinomycetin on living gram-positive organisms may be considered as certain, 
the phenomenon is not fully imderstood a,s yet. 

SUMMARY AND CONCLITSIONS 

(1) Bacteriolytic activities against killed bacteria and against living gram- 
positive bacteria are widely distributed among the actinomycetes. No lytic 
action was observed, however, against living gram-negative organisms. 

(2) Ability to dissolve heat-killed gram-negative and gram-positive bacteria 
is significantly associated with ability to dissolve living gram-positive organisms. 
This indicates that the same lytic principle is involved in the action on the three 
different substrates. 

(3) Sterile filtrates of many cultures of actinomycetes examined were able to 
dissolve heat-killed gram-negative bacteria as well as heat-killed gram-positive 
organisms. They were, on the contrary, less active, and less frequently so, 
against living gram-positive bacteria. No lytic action was ever observed 
against living gram-negative bacteria. 

(4) Ability to inhibit the growth of gram-positive bacteria, especially of spore- 
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bearing organisms, is widely distributed among the actinomycetes. Similar 
action against gram-negative bacteria was found to be, on the contrary, quite 
exceptional. 

(6) Growth-inhibiting properties appear to be significantly associated with 
bacteriolytic action upon living gram-positive bacteria. 

(6) The group of various antibacterial properties recognized in Actinomyces G, 
which may be designated as the ‘^actinomycetin type'' of activity, is commonly 
foimd among actinomycetes. 

(7) The actinomycetin type of activity was found in representatives of the 
three genera: Actinomyces^ Proactinomyces and Micromonospora. No relation 
was observed between the taxonomic position of the antagonists and their 
activity. 

(8) No evidence was found for the production of adaptive lysins by actino- 
mycetes grown in association with bacteria. 

(9) No evidence was found for the production of true lysozyme by actino- 
mycetes. 

(10) The significance of the gram-staining properties in relation to suscepti- 
bility or resistance of bacteria to the actinomycetin type of activity was demon- 
strated by the examination of a large number of strains. 

It is a pleasure to acknowledge here gratefully much help and guidance ob- 
tained from Dr. S. A. Waksman during the performance of this work. His kind 
interest in these investigations, and his daily advice have been most helpful in 
the realization of these aims. The writer is also deeply indebted to the Belgian 
American Educational Foundation for the grant of three successive annual 
Fellowships which enabled him to continue his researches for two years at The 
Rockefeller Institute for Medical Research at Princeton, and for one year at the 
New Jersey Agricultural Experiment Station, Rutgers University, at New 
Brunswick, N. J. 
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tion immediately following sexual fusion instead of a continuance of the hetero- 
zygous segregating phase found in higher forms. Under such circumstances 
only a single heterozygous cell would be formed from each union, it in turn im- 
mediately breaking up to the reduced phase on the next cell division thus leading 
to great difficulty in its detection should the numbers of such fusions be small. 
This difficulty for the most part can be overcome if the strains tested for sexual 
fusion differ in several characters. 

With strains differing by several characters, differences in the phenotypes of 
single celled progeny may be observed when mutations take place or when segre- 

TABLE 2 


Comparative rate of variation, of pure stocks and mixed stocks of Phytomonas stewartii grown 
at and plated after 6-7 days' growth 




STRAIN 509 


STRAIN 400 

MIXED CULTURE OF STRAINS 509 AND 400 

COLONY TUBE 
NUMBER 

Number 

of 

colonies 

ob- 

served 

Variation 

Number 

of 

colonies 

ob- 

served 

Variation 

Number of 
colonies 
observed 

Variation 



509 

400 


1 

8,200 

No variation 

22,400 

Pale yellow, 3; 
rough II, 1 

7,260 

1,450 

No variation 

2 

11,000 

Small raised, mu- 
coid, 4 

36,800 

« 

Pale yellow, 5 

12,200 

18,600 

Small raised, mu- 
coid, 12; rough 
11,2 

3 

8,400 

Small raised, mu- 
coid, 4 

11,300 

No variation 

1,350 

5,600 

Pale yellow, 3 

4 

2,800 

No variation 

14,000 

Pale yellow, 2; 
white, 3 

4,900 

3,100 

No variation 

5 

11,200 

No variation 

28,800 

Rough III (sec- 
tor), 1 

10,300 

19,600 

Rough II, 2 

6 

3,S00 

Small raised, mu- 
coid, 1 

7,600 

Rough II, 10 

1,650 

3,400 

No variation 

7 

8 

9 

10 

5,900 

No variation 

15,100 

Rough II, 7 ; 
white, 1 

2,200 

1,800 

2,500 

2,300 

14,000 

3,000 

4,300 

2,500 

Pale yellow, 3 

No variation 

No variation 

Rough mucoid, 1 ; 
pale yellow, 1, 
white, 2 


gation occurs if sexual fusion takes place. For the pure parents mutation alone is 
a source of variation. An estimate of the number of bacteria arising by sexual 
fusion from such a possible fusion is obtained by contrasting the new forms which 
arise by mutation in the parent strains with those arising by either cause in the 
progeny of the mixture of parent types. If the rates for the new forms are equal 
in both instances the probability of sexual fusion occurring is greatly reduced. 

Evidence on this point is presented in table 2. Two parent strains and their 
mixture were studied using the technique of Lincoln (1940) except that platings 
were made from cultures more than a day old. 

The characteristics of strain 609 were large smooth mucoid white colonies; for 
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strain 400, small rough non-mucoid dark yellow colonies. Mutations were ob- 
served in both the parent cultures and in the co-culture. The range of variation 
is no greater in the mixed culture than in the parental cultures while the amount 
of variation in the mixed culture is even lower than the parental cultures. The 
latter observation is not unexpected since the genetic variability of a mixture of 
cultures being greater than the variability of a pure culture, fewer variants will 
be well adapted, continue to reproduce and be observed after the logarithmic 
phase of growth is passed. Selection in these cultures is so important that no at- 
tempt has been made to treat these data statistically. 

There is, therefore, no indication of sexual fusion in this species under the con- 
ditions of these experiments. This does not mean that sexual fusion may not 
occur in other species or in this species under other conditions. This latter state- 
ment is stressed as the introduction of sexual reproduction may have occurred in 
other bacterial species in evolutionary history. The methods herein described 
are general enough to facilitate the investigation of this basic problem in any 
species. 
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The ability to decompose agar has not hitherto been recorded for any member 
of the Actinomycetales, and consequently it seemed desirable to make a detailed 
study of a typical Actinomyces possessing this property, which was discovered 
fortuitously. The organism appeared on a discarded tapwater agar plate 
(used originally for the germination of myxomycete sclerotia) in the form of 
blue-black colonies with scanty greyish-white aerial mycelium, each of which 
lay in the center of a marked depression in the agar. Several strains were 
isolated and purified by repeated streaking on mineral agar plates with (NH4)2S04 
as a nitrogen source. The behavior of the pigment produced (blue under 
basic, red under acid conditions) marked the organism at once as a member of 
the widespread soil group of litmus actinomycetes, which are classified in 
Bergey’s Manual under the name A. coelicolor. 

In response to my request. Dr. S. A. Waksman very kindly provided me with 
an authentic culture of this species from his collection, together with several 
agar-decomposing strains which had been isolated at the New Jersey Agricul- 
tural Experiment Station in the course of other work. These cultures (NB 
strains) together with my own isolates (PG strains) comprised the material 
for the following studies. 


MEDIA AND METHODS 

The medium used for the maintenance of stock cultures and for the studies 
on variation consisted of (NH4)2S04 0.1 g., K2HPO4 0.1 g., MgS04 0.02 g., 
NaCl 0.01 g., CaCh 0.01 g., FeCU 0.002 g., Bacto agar 2.0 g., distilled water 
100 ml., pH adjusted to 7.0-7 .3. Occasionally the (NH4)2S04 was replaced by 
KNOg. The former medium becomes acid, the latter basic, as a consequence 
of growth, with resultant differences in the color of the pigment, but all other 
characters of the organisms are identical on both media. 

The utilization of carbon sources was studied in liquid media with the mineral 
base given above (KNOg as N-source) and the various substrates to be tested 
in a concentration of 1.0 per cent. 

For the demonstration of agar decomposition Gran’s test (flooding the plates 
with an I-KI solution) was used, although in most cases the gelase fields were 
already evident without this treatment. 

Cultures were incubated at 28®C. In the work on variation, plates were 

‘ Present address: Division of Applied Biology, National Research Council, Ottawa, 
Canada. 
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always compared and photographed after 4 days at 28®C. followed by 4 days at 
room temperature, because it was found that an exposure to the lower tem- 
perature often resulted in a marked intensification of pigment production and 
consequent better differentiation of the variant types. 

VARIABILITY OP THE AGAR-DECOMPOSING STRAINS 

The extreme variability of actinomycetes is a well-known phenomenon, first 
clearly shown by the able studies of Lieske (1921). However, with the excep- 
tion of the work of Krassilnikov and Tausson (1938) on Proactinomyces species, 
there has apparently been no detailed investigation since Lieske’s time on the 
occurrence and mechanism of transmissible variations (‘‘Mutationen'' senm 
Lieske) in the mycelial members of this order. 

The litmus actinomycetes appear to be an extremely unstable group, a fact 
attested as early as 1913 by Beijerinck, whose important paper on this subject 
has been overlooked by most subsequent workers. He wrote of his isolates: 

*qch fand bei beinahe jeder Aussaat . . . nicht nur verschieden gestaltete Kolonien, 
sondern auch Sektormutanten, welche bei der Vcrmehrung entweder atavierten oder erblich 
stabile morphologische Typen hervorbrachten/* 

The agar-decomposing strains proved to be no exception to this rule, and 
since the criterion of agar-decomposition could be used as a check on the origin 
of the different variants, they provided good material for a re-examination of 
the subject. 

At the time of isolation, a remarkable type of transient biochemical variation 
was observed. On first streaking the PG strains, only a few agar-decomposing 
colonies were obtained, interspersed between numerous (ca. 95 percent) ap- 
parently non-agar-decomposing ones. The former grew far more rapidly than 
the latter, were more brightly pigmented, and produced an extensive depression 
of the surrounding agar in 2-3 days. At first it was thought that the cultures 
contained two different kinds of actinomycetes, but on restreaking, both types 
gave rise to the preceding 95-5 per cent ratio of ‘‘non’^-agar-decomposers to 
agar-decomposers. On these plates it was noted that after 7-10 days the 
‘‘non’’-agar-decomposing colonies had begun to attack the agar, although they 
never attained the size, pigmentation and gelase production of the initially 
agar-decomposing ones. Again both types were streaked; the ^'non’’-agar- 
decomposers now began to attack agar in 4-5 days. The same treatment was 
continued through several more transfers with the ultimate result that the 
difference in the rate of agar decomposition, and with it the differences in colony 
aspect, disappeared. 

From time to time during this work variant colonies were found which, al- 
though they attacked agar readily, differed from the normal type in pigmenta- 
tion, size, or some other character. One of them (PG 3), a small, very intensely 
pigmented form with sparse aerial mycelium, yielded a bewildering variety of 
different types on subculture. Four colonies were selected for further study 
from among those which appeared on the plate. 
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1. A small, deeply pigmented^ colony with no aerial mycelium. 

2, 3 and 4. Very irregular colonies, sectored with respect to color and aerial 
mycelium. 

Colony 1 gave an extremely uniform picture on subculture, all the colonies 
resembling the parent. This type (la) is illustrated in fig. 2. The strain 
could be maintained in constant form through repeated subcultures provided 
that transfers were always made from the substrate mycelium. Type la was 
devoid of aerial mycelium in the younger stages, but an occasional colony would 
produce a scanty, irregularly sectored acirial mycelium with conidia after about 
a week, and almost every colony would do so after two or three weeks. If 



FkJ. 1. Pi. \TE CULTUKE OF UNSTABLE FORM (PrOGENV OF A 2B2 TyPE VaRMNT), 
Trevtei) with 1-Kl Solution to Show the Gelvse Fields 
.M l th(‘ coloiHPs, despite their extreme dissimilarity, decompose {i»:ar. Figs. 2, 3, 4, 5, 
7, S, 10 and 11 are strictly comparable to fig 1 with respect to the age of tlu' cultures when 
photographed and the nnignification of the prints 

transfers wert' mad(* from colonies in this condition an extn'ine variety resulted, 
most of the ])i()geny producing conidia in abundanct' within a few days and 
bearing not the least resemblance to tlu* parent types (figs. 3 and 4). A further 
analysis was not attempted. 

In the siibcultun' from colony 2 the majority of colonies were large, with an 
almost colorless or pale yellow substrate mycelium, producing a slight amount of 
a diffusible yellow pigment and an abundant white* aerial mycelium bearing 
conidia. On ageing, the colonies produced the litmus pigment to a slight 
d(*gree, the substrate mycelium and surrounding agar becoming green (blue 


2 Kxcept whcM’o otherwise stated, pigmentation refers to the litmus-like pigment. 
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Fig. 2. Variant 1a, Treated with I-KI Solution to Show the Gelasb Fields 
Aerial mycelium liegins to become visible on a few colonies 



Fig. 3. Variant 1a Streaked from the Substh\te Mycelium. Compare with Fig. 4 
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litmus pigment plus yellow pigment) or pinkish orange depending on the pH. 
This type, designated as 2a, proved exceptionally stable through continued 
transfer, although occasionally one or two deeply pigmented colonies with little 
aerial mycelium would appear on a plate. Type 2a is illustrated in figs. 5 and 6. 

Type 2b, represented by only a few colonies on the original colony 2 plate, 
was a small, heavily pigmented form with an irregularly sectored grey aerial 
mycelium. On subculture it gav(i rise to a large number of further variants, 
among which stable 2a was common; other well represented types were (1) 
large heavily pigmented colonies with no aerial mycelium (2bl), (2) typical 
litmus actinomye^ete colonies (large and intensely pigmented, the pigment 
diffusing into the surrounding agar, and with an abundant white aerial mycelium 



Kie \. V\K1\NT l\ StREVKEI) from CoNlDI.V 


21)2) and (.‘0 c()lorl('ss, inconspicuous colonies dee^ply embedded in the agar 
and without ae'rial mye*elium (2b3). Type 2bl ivmained stable on subculture. 
Type' 21)2 was highly unstable, anel broke up at once into a large variety of forms 
among whie*h 2a was common. Type 2b3 reanained stable but die'd out after 
a fe\v transfe'i's owing to its tendency io undergo a very rapid autolysis. Type 
21)3 is re])re'seaited in fig. 7; figs. 1 anel 8 shows examples e)f the type eff subculture 
re\sulting fre)m the streaking of 2b2. 

Ty])e 2c, like 2b, was represented by only a few colemie's on the original })late 
of 2. The substrate mycelium was colorless or very faintly pigmented and 
deeply embeeleled in the agar without at first any aerial mycelium. Older 
colonies de^T'loped a scant aerial mycelium which was ahvays completely devoid 
of conidia. Type 2c was notable for its remarkable manner of growth, w'hich 
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was most clearly apparent in well-isolated colonies 3-4 weeks old. The sub- 
strate mycelium spread out extensively as an irregular web of hyphae in all 
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Fig. 5. V.^riant 2 \ 



Pig. 6. 1 LATE OK \ ARIANT 2a J REATEI) WITH I-KI SOLUTION TO ShOW THE (IeLASE F'iELDS 


directions below, but not on the surface of the agar. I'kis has never been seen 
m any of the other variants. Type 2c remained stable on .subculture. 
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Fkj 7. Variant 2b8, Treated with 1-Kl Solution to Show the (Jelase Fields 
Some of the colonies have begun to autolyzc* 



Fkl 8 . A Typkhl F^xxmim.e of the Subcultures w hich REsui/rED from the Streaking 

OF V\RI\NT 2b2 

(Colony 3 resultod in a mimbcr of variant, forms, of which 2a was common and 
remained, as before, stable on subculture. Type 2b also occurred extensively, 
giving much the same picture on .subculture as prx'viously. In addition a new 
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FiCx. 9. Variant 3a. A Few 2b2 Type Colonies are Visible on the Plate 



Fig. 10. Variant 4a, Treated with I-KI Solution to Show the Celase Fields 
Many of the colonies havt* already autolyzed, but their sites are visible Ixjcause of the 
surrounding gelase fields. 


type (3a) appeared, which was characterized by its large maroon colonies either 
without or with very scanty (conidia-bearing) white aerial mycelium. The 
maroon pigment appeared to differ from the typical litmus pigment in that it 
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was retained within the sui)strate mycelium and never changed color with pH 
changes. Old cultures produced in addition a small amount of the litmus 
pigment, which diffused into the surrounding agar. On the whole, 3a was 
fairly stable but subcultures would split off a few 2b2 colonies, often with con- 
siderable sectoring of the aerial mycelium. As b(‘fore, the 2b2 colonies were 

TAHLE I 


A comimriKun of .some firopertws oj the varitmts 
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highly unstable, giving rise to a numlw'r of different types, i)r('dominant among 
which was 2a. 3a is illustraU'tl in fig. 9. 

C'olony 4 behavefl similarly to 3. IlowcA cr, in addition to the variants found 
on 3, there appearetl a few extremely small, colorh'ss, inconspicuous colonies 
without any ac'rial mycelium which decomposed agai’ only to a very slight ex- 
tent (4a). This type maintained its characters on subcultuie, but di(>d out after 
only a few transfers due to its tendency to rapid autolysis (fig. 10). Except 
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for the difference in size and gelase fields (compare figs. 7 and 10), 4a was very 
similar to 2b3. In table 1 some properties of the variants have been sum- 
marized and compared. 

NUTRIENT REQUIREMENTS AND CULTURAL CHARACTERISTICS OF THE DIFFERENT 

STRAINS 

The following nine strains were used: NB 3442, NB 3443, NB 3445, NB 3355 
(authentic non-agar-decomposing culture of A, coclicolor)y PG 1, PG2, PG3 
variant la, PG 3 variant 2a, PG 3 variant 3a. 

The availability of different carbon sources as judged by growth in their 
presence showed a remarkable general uniformity. Of the simple sugars and 
polyalcohols, glucose, galactose, maltose, lactose, cellobiose, glycerol and man- 
nitol supported excellent growth in all cases. On the other hand, none of the 
strains attacked xylose, arabinose or levulose after 10 days, although latter a very 
slight amount of growth on these sugars occ^urred with some strains. The 
growth with sucrose was generally weak, only PG 3 variant 1 showing good 
development. Agar and alginic a(‘id wore readily attacked except by NB 
3355, which was unable to grow at all on them. (Vllulose (in the form of 
cellophane strips) was utilized in all eases. All strains grew well on succinate 
and malate but were unable to use acetate, citrate and lactate, with the exception 
of NB 3355, which developed satisfactorily on lactate. 

It is thus apjiarent that a definite general pattern of carbon utilization runs 
through the whole group. NB 3355, the authentic A. coelicolor, is the only 
strain which diverges markedly from the general pattern through its inability to 
attack agar and alginic acid and its good growth with lactates The three variants 
of PG 3 which were included gave results differing in no essential respect from 
those obtained with the other agar-decomposing strains. 

The (cultural studies on these nine strains showed onc(' again the worthless- 
ness of criteria such as pigmentation on different media and protc'olytic activity 
now commonly used in the differentiation of Actinomyces sp('ci(\s. In spite of 
the fact that all strains (with the possible (exception of NB 3355) were undoubt- 
edly closel}^ related, there w(*re in many ceases marked cultural divcu-gencies 
between the^m, which stood out in contrast with the geneial uniformity exhibited 
in the utilization of different carbon sources. Furthermore*, in a number of 
(tases therci were considerable differences betw(*(*n cultures of a single' strain 
grown on Czapek^s agar, de^pending on the te'mpeirature of incubation. For 
these' reasems it seems unnecessary to give details of the results. 

The einly reliable distinction between the authentic culture of .4. coelicolor 
and thei agar-decompe)sing strains would appear to be the inability of the former 
to attack agar and alginic aciel, which can hardly be consieiere'd sufficient 
reason for a specific separation. 

DISCUSSION AND POSSIBLE INTERPRPITATIONS OF THE VARIATION PHE:N0MB:NA 

Let US consider first the biochemical variation exhibited by the PG strains 
during the early stages of their cultivation. The 95-5 ratio of apparently non- 
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agar-decomposing to agar-decomposing colonies occurring irrespective of which 
type was used as inoculum, together with the fact that the apparently non- 
agar-decomposing type would produce the enzyme gelase after a considerable 
time lapse, indicate the common origin of both types. Conidia were always 
used in making transfers, so that each successive generation developed through 
the conidial stage. The conclusion is thus unavoidable that the process of 
conidium formation was in some way responsible for the observed phenomena. 

The constant ratio maintained between the two biochemical types on sub- 
culture from either one is suggestively similar to the quantitative relationships 
reported by Bunting (1940) in her studies on color variations in Serratia mar- 
cescens^ except that in the latter case the constant ratios were obtained only 
gradually over several transfers. It is possible that the same sort of mechanism 
operates in both cases, but my data are insufficient for a strict comparison. 

Since agar was the sole source of carbon and energy — apart from incidental 
impurities — in the medium employed, it would seem reasonable to assume that 
the differences in colony size, pigmentation, etc., between the two types were 
ultimately due to a difference in the rate of gelase production. This assumption 
gains further support from the fact that the elimination of the difference in the 
rate of gelase production which resulted from repeated transfer on the same 
medium also eliminated the other differences. 

At first it seemed that such behavior could be explained on the assumption 
that gelase was an adaptive enzyme in the slow agar-decomposing colonies and 
constitutive in the rapid agar-decomposing ones. On this hypothesis, however, 
one ought to find that continued cultivation in a medium devoid of agar would 
result in a loss of the ability to produce gelase immediately on return to an 
agar medium for at least a considerable proportion of the organisms. Such 
was not the case; several cultures which had attained a uniform rate of agar 
decomposition were carried through a series of transfers over a period of two 
months in liquid media containing glucose, galactose or glycerol as carbon 
sources, without the slightest diminution in the rate of gelase production being 
apparent on their return to agar. 

The task of attempting an interpretation of the variations in colony form is 
equally difficult. For several reasons it does not seem possible to fit these 
observations into the well-known dissociative pattern of bacteria. The number 
of sharply distinct variant types was far greater than the number to be expected 
on the basis of M-S-R changes, and there were very few types which could be 
regarded as intermediate (i.e., SR) forms. Furthermore, there was no very 
obvious regularity or predictability about the changes observed — the more 
unstable variants gave rise at once on transfer to a wide variety of totally dis- 
similar types instead of to the chief dissociative form and intermediates which 
one normally finds in bacterial dissociation. It must be admitted, however, 
that the number of variable characters studied simultaneously in this case is 
far greater than with most bacteria. 

A survey of the results leads to a few tentative conclusions as to the probable 
changes which may occur. Outstanding in this connection is the effect of 
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conidium formation. Colony types which can be transferred in the mycelial 
stage — either because the formation of conidia-bearing aerial hyphae is delayed, 
or because the aerial hyphae are devoid of conidia, or because an aerial mycelium 
is never formed — ^are likely to remain stable. This contention is supported 
by the behavior of types la, 2bl, 2b3, 2c and 4a. That their stability may be 
ascribed to the lack of conidium formation is shown by the results obtained 
when transfers of la were made after an aerial mycelium had developed. On 
the other hand, variants producing an aerial mycelium with conidia are not 
necessarily unstable; this is outstandingly exemplified by type 2a, which, in 
spite of the fact that it always produced conidia in abundance, remained the 
most consistently stable of all the variants. 

Thus my observations would seem to indicate that it is primarily the process 
of conidium formation which is responsible for the great variability of the 
Actinomyces strains studied. That other mechanisms of variation, operative 
through a non-conidial phase of growth, are to be found in the Actinomycetales, 
has been shown beyond doubt by the work of Krassilnikov and Tausson (1938) 
on Proactinomyces species. It may be that the phenomena are homologous, 
but at present we do not have sufficient evidence to form an opinion on that 
point. Consequently the following discussion of possible mechanisms is limited 
to the conidial type of variation. 

The cytological findings of Badian (1936) are of considerable interest in 
connection with the present work, since they provide a possible basis for ex- 
plaining conidial variation. Badian claimed that the chromatin material of 
actinomycetes is distributed through the hyphae in the form of chromosome-like 
bodies which undergo autogamy just before conidium formation, with the result 
that each conidium contains a bivalent chromosome. When the conidium 
germinates, this bivalent chromosome undergoes two divisions, one of them 
a reduction division. At the same time, from one to three germ tubes are 
formed, each of which receives one of the four daughter chromosomes. The 
remaining chromosome or chromosomes suffer a gradual degeneration. This 
work has, it is true, been sharply criticized by Schaede (1939) and von Plotho 
(1940). However, the negative results obtained by these investigators cannot 
logically be advanced to disprove Badian’s observationsy supported as these are 
with excellent photomicrographs. The sole explanation offered by Schaede, 
that the bodies which Badian took for chromosomes were actually condensed 
cytoplasm, is not a convincing one. Furthermore, cytological studies by 
Badian on myxobacteria (1930, 1933) and on yeasts (1937) in which he used 
the same technique as for his actinomycete studies, have checked to a consider- 
able extent with those of Beebe (1941) on myxobacteria and Rochlin (1933) 
on yeasts in which different techniques were employed. For these reasons it 
would seem premature to regard his observations either as figments of the 
imagination or as artefacts resulting from the use of faulty methods. 

Badian has used his own observations to explain the phenomenon of sector 
formation in actinomycetes as follows: 
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‘^Zytologischc P>schciminj!;en, wie sic olxiii Iwschriohen wurdeii, machen es nun wahr- 
scheinlich (lass Soktorenhilduns iind Mcuidolsche Spaltnng wirklich wesensverwandt sind. 
Da das (Uiromosom d('r Sporo hivalont ist unci zwoi univalonton ontspricht, die sich auto- 
Ramisch vcireinigt habcjn, so muss es niclit iinhedinj*;! immcu* homozyj^otisch sein. Ist os 
aber hetorozygotisch, so werdon wahrend der ('hromatiiireduktion zwci Chromosome das 
eine, die zwei andcrcn aber das andere Cen von einem Allclomorphenpaar erhalten. 
Wachsen nun solch eincr Spore drci Keimschlauche hervor, so musscn zwei von ihnen 
gleichartise C/hrornosome enthaltcm und darum erbglcach s(*in, der dritte wird aber ein ini 
Kenetischen Sinne abweiehendes ('hromosom aufweisen. Wachsen nun die Keimschlauche 
aus, so wird die Zone, die a\is Verzweigungen dieses dritten Fadens besteht, sich als ein 
Sektor mit abweichenden Kisenschaften hervorheben.” 

Of course this explanation covers only those cases where a single sector is 
formed, not examples (like that illustrated in fig. 11) of multiple vsector forma- 
tion. However, it is quite possibles that multiple sectored colonies have de- 
veloped from more than one conidium, in which case Badian’s explanation 
would still remain valid. Furthermore, by assuming that in many easels only 



Fir,. 11, A Typk’ak K.kample of Multiple Sectoh Formation 

one oi* two germ tubes grow out from a germinating conidium, one can us(‘ 
BadiaiFs hypoth(‘sis to explain that marked heterogeneity so often character- 
istic of the progeny of unstable strains. Colonies developing from a single 
germ tube will (if we accept Badian’s explanations) always be homozygous, 
while at least 80 per cent of those developing from two germ tubes will be so. 
Thus a heterozygous condition in an ActittomycA>i< colony would be expressed 
in the appearance of s(‘]mrate and distinct colony types if transferred through 
th(' conidial stage, but not if transt erred in mycelial state. Cases of extremely 
stable strains producing an abundance of conidia (e.g., 2a) (*an also be explained 
on the assumption that such strains an^ (*omph‘tely homozygous. This is not 
to be taken as more than a mere* working hypothesis, wholly dependent as it 
is on the outcome^ ofjuture cytological work. 

SOME REMARKS ON THE TAXONOMY OF ACTINOMYCES SPECIES 

Although the limits of the genus Actinomyces are fairly clear, species dif- 
ferentiation is in a most unsatisfactory state. Because of the proven unreli- 
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ability of nearly all the differential characters which have been suggested or 
used, it has seemcid to many that the attempt to erect valid species is fore- 
doomed to failure. The most notable example of this pcissimism is to be found 
in Lieske (1921) who, after years of work with theses forms, rej('cted the pos- 
sibility of a satisfactory systematic treatment. 

Since Lieske’s time there has been little published wliich would justify a 
more optimistic outlook. The painstaking morphological work of 0rskov (1923) 
laid the foundations for a better understanding of fundamental morphology in 
the Actinomycetales as a whole, but provided no help for species differentiation. 
More recently, Waksman (1940) has recognized five sub-groups in the genus 
Actinomyces on the basis of the structure of the sporulating hyphae, but this 
treatment provides at best only a partial solution to the problem, since in each 
of these sub-groups there are a number of species which must ultimately be 
differentiated by other means. 

Conn and Conn (1941) have made what promisees to be an extremely im- 
portant contribution from the physiological aspect through their attemi)t to 
re-evaluate the character of chromogenesis. They have stressed the fact 
(which, as they say, has long been an open sc^cret among students of th(^ group) 
that many actinomycete pigments act as hydrogen ion indicators, and they hav(» 
pointed out that the nature of the pigment, rather than the color produc(‘d, 
is the important character. The case of the litmus actinomyc('tes affords a 
striking demonstration of their contention. Actually the l>ehavior of the 
pigment in this group was clearly described by Beijerinck in 1913; neverth(4ess, 
even this outstanding example of an indicator pigment has Ix'en overlookc'd 
or misunderstood. In the fifth edition of Hergey^s Manual no numtion is 
made of it in the description of A, coelicolor, although hints are provided for 
the observant taxonomist in the key: 

1. Pigment blue, not always definite. 

b. Solul)le red pigment, turning blue on synthetic (sic) agar. 

52. Aclinomucdfi covlicolor. 

One point of some importance has gone unmentioned by the ('onns; namely, 
the possibility that more than one pigment may be produced by an organism. 
In the strains which have been the object of the present study, a pale yellow 
pigment is often produced.^ It is not observable in cultures producing an 
abundance of the litmus pigment, but when the latter is present in only slight 
amounts the yellow pigment often causes cultures to appear green. This 
shows that in order to use the pigmentation as a differential character it will be 
necessary not merely to record the pH of the medium but to make an extraction 
of the culture, a separation of the pigment components and a study of the 
behavior of each one alone. Such studies must be carried out with a variety 
of media, since on certain substrates the production of the characteristic pig- 
ment may be slight or even absent. It remains to be seen in how far there 

^ This was also noted by Beijerinck (1913) in the strains studied by him. 
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occurs a permanent loss of the ability to produce pigments of special types; 
the Conns consider this character to be stable, but there are some indications 
from my work that unpigmented variants (e.g., 2b3 and 4a) can be derived 
from litmus actinomycetes. 

Finally, I should like to draw attention to the possibility that the utilization 
of different carbon sources may prove a desirable taxonomic criterion. It is 
true that attempts to use a single character of this type (e.g., the ability to 
decompose cellulose) as was done by Krainsky (1914) have not been successful, 
but the general pattern of carbon utilization in actinomycetes has never been 
subjected to a systematic investigation. The remarkable uniformity with 
respect to carbon sources in the strains I have studied suggests that in future 
this may be a profitable approach. Since the majority of soil actinomycetes 
will grow in a medium with mineral nitrogen alone, the experimental technique 
adopted by den Dooren de Jong (1928), which makes easy the simultaneous 
testing of a large number of strains on a wide variety of carbon sources, could 
in most cases be employed to advantage. 

In conclusion, I should like to express my thanks to Dr. C. B. van Niel and 
to Dr. A. T. Henrici for their valued criticism and advice. 

SUMMARY 

Attention is drawn to the existence, previously unrecorded, of agar-decom- 
posing organisms among the Actinomycetales. Several strains have been 
studied and shown to belong to the Actinomyces coelicolor species-group. 

On first isolation several of these strains gave rise to colonies which varied 
in their ability to attack agar, but on continued cultivation the differences in 
this respect disappeared. During the subsequent work marked variations in 
colony form, conidium formation, pigmentation, and other characters were 
noted. Some of these variants were stable, whereas others continuously gave 
rise to new types. 

An analysis and interpretation of the possible mechanisms of variation in 
these organisms has been attempted. 
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A collection of strains of Staphylococcus aureus was studied with a view to find- 
ing out what relationship, if any, could be detected between the agglutinative 
grouping and the production of polysaccharide, alpha hemolysin, or leucocidin by 
the various strains. 

A number of serological groupings for staphylococci have been described in the 
literature, the most recent ones being those of Blair and Hallman (1936), Yone- 
mura (1936), Cowan (1938), and Christie and Keough (1940). The classification 
put forward by Cowan has probably been the most widely adopted, and is the one 
employed in this study. Of the polysaccharide classifications, the “A’’ and “B’' 
classification of Julianelle and Wieghard (1935) remains fundamental for patho- 
genic staphylococci. Thompson and Khorazo (1937) have found three addi- 
tional groups containing mostly non-pathogenic staphylococci, and Cowan (1938) 
places pathogenic strains giving irregular polysaccharide reactions into a general 
class ^^C”. The Julianelle classification is the one employed for the work de- 
scribed in this paper. 

A staphylococcal leucocidin which destroys rabbit leucocytes was described by 
Van der Velde (1894) and studied further by Neisser and Wechsberg (1901). 
More recently (1936) Wright has worked with this Neisser-Wechsberg leucocidin, 
and she suggests, as do also Valentine (1936) and Proom (1937), that it is identical 
with staphylococcal alpha-hemolysin. 

Panton and Valentine (1932), Valentine (1936), and Valentine and Butler 
(1939), however, have demonstrated that certain strains of staphylococci elab- 
orate a leucocidin which is distinct from the Neisser-Wechsberg type. The Pan- 
ton-Valentine leucocidin is active against human as well as rabbit leucocytes, thus 
differing from the Neisser-Wechsberg leucocidin, which does not affect human 
leucocytes. The two leucocidins also differ in their mode of attack upon the 
leucocytes. Both cause disintegration of the cell nucleus, but the appearance of 
the damaged particles is different. Panton-Valentine leucocidin in stronger con- 
centration produces complete disintegration of the cytoplasm. Panton-Valen- 
tine leucocidin is the one referred to in this paper. 

Dr. John E. Blair of the Hospital for Joint Diseases, New York, supplied us 
with Cowan group I and group III strains, and Dr. Champ Lyons of Harvard 
Medical School, the group II strain. Dr. L. A. Julianelle of Washington Uni- 
versity School of Medicine, Saint Louis, sent us his representative polysac- 
charide ^‘A’’ and **B’’ strains. 

All the cultures included in the study were isolated from human infections. 
The origin of the strains is shown in table 1. 
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METHODS AND PROCEDURES 

Agglutinating sera were prepared from the three Cowan group strains and the 
cultures under study were classified by slide agglutination. The sera were pre- 
pared by immunizing rabbits with organisms from 18-hour beef-infusion broth 
cultures. The growths were resuspended in physiological salt solution containing 
0.5 per cent formalin. The group II serum as prepared, contained considerable 
group III agglutinin, which was absorbed out. No preliminary absorption was 
necessary with the antisera of the other groups. 

For antigens intended for the method of slide agglutination, 3-hour growths 
were used, as recommended by Cowan (1939). It was found that the employ- 
ment of the trypsin-digest beef -heart broth described by Pauli and Cobum (1937) 
for streptococci, greatly reduced the incidence of granular growth or autoagglu- 
tination, and this broth was used to grow the antigens. The antigens were 
heated rapidly to boiling according to Cowan’s method, centrifuged, and re- 
suspended in trypsinized broth, with a density of 100 billion organisms per 
milliliter. 


TABLE 1 
Origin of strains 


Infection of skin 29 

Infections of bone 16 

Septicemia and bacteremia 17 

Miscellaneous internal infections 7 

Type of lesion not stated in history 41 


For the tests, 0.01 ml. of antigen and 0.03 ml. of semm (1-5 dilution) were 
mixed on a glass plate and rocked 5 minutes. Readings were made with a hand 
lens against an illuminated dark background. 

Extracts for carbohydrate detection were prepared from 103 strains of the 
series by the method of Julianelle and Wieghard (1936). A uniform volume of 
broth, 600 ml., was employed in all cases, and the extract obtained was made up 
to a volume of 60 ml. The extracts were tested against sera produced in rabbits 
with the Julianelle ^‘A” strain 13 and the “B” strain Mil. 

Forty-eight of the strains studied were tested for alpha-hemolysin production. 
Cultures were grown 48 hours in veal-infusion, semi-solid agar in an atmosphere 
of 80 per cent oxygen and 20 per cent carbon dioxide. The fluid obtained from 
the medium was Berkefeld-filtered and tested for toxin with a 1 per cent sus- 
pension of rabbit erythrocytes. Strains that had been carried in the laboratory 
for a number of years were not tested for hemolysin-production. 

Recently isolated strains were tested for leucocidin production. The strains 
were grown on veal-infusion agar, according to the method described by Valen- 
tine (1936), and tested for potency by his method, with human leucocytes. 

RESULTS 

When tested against the Cowan sera, the cultures were divided as shown in 
table 2. 
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Several of the negative strains showed a common antigen not contained in any 
of the Cowan groups, and these apparently constitute a supplementary group. 
The type strain of this group, no. 235 (Smith strain) of the collection, was re- 
ceived by us from Dr. Ren4 J. Dubos of the Rockefeller Institute and had been 
obtained from a human infection. 

The relationship between the agglutinative grouping and the polysaccharide 
reactions of the strains is shown in table 3. 

As indicated in table 3, extracts of 85 strains gave strongly positive reactions 
for Julianelle “A” polysaccharide, while 18 reacted weakly or not at all. None of 
the extracts gave “B” polysaccharide reactions. All strains produced coagulase 
except two members of the ‘"ungrouped” negative agglutinative group. Another 

TABLE 2 

Agglutinative groups 


Group 1 38 strains 

Group II 10 strains 

Group III 36 strains 

Group I or III 17 strains 

Negative (ungrouped) 9 strains 


TABLE 3 


Agglutinative and polysaccharide relationships 


COWAN AGGLUTINATIVE 
GEOUP 

JULIANELLE **A” 

POLYSACCHAXIDE 

JULIANELLE 

POLYSACCHABIDE 

Positive 

Slight or negative 

Positive 

Negative 

I 

29 

2 

0 

31 

II 

6 

4 

0 

10 

III 

31 

4 

0 

35 

I or III 

16 

1 

0 

17 

235 group 

2 

1 

0 

3 

Ungrouped j 

1 

6 

0 

7 


member of the negative group was the sole non-fermenter of mannitol. The 
three strains that gave these irregular reactions did not produce detectable “A” 
polysaccharide. 

Table 3 shows that of 10 group II strains, 4 or 40 per cent yielded a lessened 
amount of '*A’^ polysaccharide, but of 93 strains exclusive of group II, 14 or only 
15 per cent yielded a lessened amoimt of ‘‘A’’ polysaccharide. This is in agree- 
ment with the observation of Cowan (1939), that irregularities of polysaccharide 
production are most frequently associated with group II. 

All our recently isolated group II strains were leucocidin producers. It was 
considered useless to test old strains for leucocidin production. Most of the 
leucocidin-producing strains belonged to group II, and the majority of them ap- 
peared to produce less than the average amount of “A” polysaccharide. Of 4 
members of group III that were weak in “A’’ polysaccharide, two were leucocidin 
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strains. Of the total number of cultures examined, 10 per cent belonged to group 
II, but of leucocidin-producing strains, 55 per cent belonged to group II. 

Of the total number of cultures examined, 17 per cent produced a lessened 
amount of ‘‘A’’ polysaccharide, but of leucocidin-producing strains, 66 per cent 
produced a lessened amount of ‘‘A*’ polysaccharide. 

It is hardly safe to generalize from so small a number of cultures, but so far as 
this series is concerned, it appears that leucocidin producers frequently fall into 
the Cowan II group, and that leucocidin-producing strains show a tendency to 
produce less Julianelle ''A'’ polysaccharide than other strains. 

It is not the intention to suggest that these strains are entirely devoid of “A'^ 
polysaccharide. If a more concentrated extract were prepared, perhaps all of 
them would show a strongly positive reaction. However, when carbohydrates 
were prepared from all the strains studied, emplo3ring a uniform volume of broth 
and a uniform volume of final product, the leucocidin-positive strains referred to, 

TABLE 4 


Slide^^Lgglutination with Cowan and BSS sera 
Cowan grouping 



GROUP 1 SERUM 

(Sll) 

GROUP II SERUM 

(S80) 

GROUP III SERUM 

(S33) 

235 SERUM 

Sll 

++++ 

+ 

+ 

+ 

198 

++++ 

+ 

++++ 

++++ 

S80 

“1" 1 

4*++ 

+ 

— 

S33 

+ 

— 

+ + + + 

+ 

235 


— 

— 

++++ 

114 1 

— 

+ 

— 

++++ 

207 

— 

— 

— 

++++ 


appeared to be weaker as ‘‘A” carbohydrate producers than the majority of 
strains in the series. 

No agglutinative group seemed to be associated with any particular type of in- 
fection, but on the contrary, strains obtained from different lesions were dis- 
tributed indiscriminately. Alpha-hemolysin producers occurred among mem- 
bers of all the groups. 

Strain 235 produces a very weak alpha-hemolysin and no leucocidin, but is un- 
usually pathogenic for mice. It gives an entirely negative reaction to sera of the 
three Cowan groups, but is strongly positive to its homologous serum. 

Table 4 shows the relationship between the Cowan strains Sll (group I), 
S80 (group II) and S33 (group III) and strains related to 235. 

It will be noted that certain strains show a strong affinity for the serum pre- 
pared with strain 235 and are non-reactive toward the Cowan sera. The Cowan 
group strains, on the other hand, show but slight reactivity toward the 235 
serum. 

Agglutinin absorption tests were run using the Cowan and 235 sera and cul- 
tures, and the absorbed sera were tested against the strains shown in table 4. 
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Each serum was absorbed with a suspension containing 200 billion organisms per 
ml. The dilutions of the absorbed sera were made to one tenth of the maximum 
titer which could be obtained with homologous organisms. 

TABLE 5 


Agglutinin absorptions of group sera 



Sll 

S80 



CONTEOL, 

ANTIGEN 

S33 

235 

X7NABSOKBED 






SE&UN 


Absorption of group I serum 


Sll 


1:5 

1:5 

1:5 

1:50 

198 


1:5 



1:500 

S80 





1:25 

S33 


1:5 



1:5 

235 






207 






114 







Absorption of group II serum 


S80 




1:5 

1:50 

114 

1:5 

1:25 

1:5 


1:50 

Sll 





1:5 

198 


1:5 



1:50 

S33 





1:5 

235 






207 







Absorption of group III serum 


S33 





1:50 

Sll 




1:5 

1:25 

198 


1:5 



1:50 

S80 

1:5 




1:25 

114 






235 






207 







Absorption of 235 serum 


235 

1:25 

1:25 

1:25 


1:50 

207 


1:100 



1:1000 

114 

1:5 

1:50 

1:5 


1:50 

198 


1:50 



1:50 

Sll 






S80 






S33 







Results are shown in table 5. 

It appears from table 5 that strains 235 and 207 are nearly identical in anti- 
genic consitution and but slightly related to the Cowan groups, while strain 114 
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contains some group II antigenic substance. However, strain S80 (group II) is 
only partially able to absorb agglutinins for 114 from the sera. Strain 198 reacts 
as a group I or group III strain that contains some 235 antigenic substance. 
Strain 198 is the Gamma-hemolysin strain of Llewellyn Smith (1938) and, like 
235, is unusually pathogenic for mice. S33, when used in anounts of 200 billion 
organisms per milliliter, absorbs out nearly all agglutinins from the sera, so far as 
is shown by slide-agglutinative tests. Cowan (1939) warns of this tendency of 
S33 to become non-specific, and advises frequent passages through rabbits to 
maintain its specificity. Mice were employed instead of rabbits for this study. 
The S33 culture was passed through mice frequently and the cultures for use were 
inoculated from the blood, or in some cases the blood cultures were stored in 
vacuo until used. In spite of this treatment S33 showed considerable non- 
specific reactivity. 


SUMMARY 

The agglutinative and polysaccharide-forming qualities of a collection of 
Staphylococcus aureus strains were studied. Most of the strains belonged to the 
Cowan groups I and III and produced Julianelle ‘‘A’’ polysaccharide. Leuco- 
cidin-positive strains belonged mainly to group II. Most leucocidin-positive 
strains showed a tendency to produce less ‘‘A’’ polysaccharide than other strains. 

A supplementary agglutinative group is described in addition to the three 
Cowan groups. 
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During the past few years the authors have been interested in studying the 
effects of high centrifugal force upon the structure of various types of cells in both 
plants and animals (Beams and King, 1940). In the course of these investiga- 
tions a large flagellated bacterium, Spirillum volutans, appeared among our cul- 
tures of protozoa. Because of its large size it was thought that this organism 
might prove to be valuable bacteriological material for cytological study, since a 
review of the literature on this subject disclosed it to be in a considerable state of 
uncertainty. In addition, to our knowledge, ultracentrifugal force has not been 
applied to bacteria with the view of studying its effects upon the cytology of 
these organisms. 


MATERIALS AND METHODS 

Spirillum volutans appeared in a boiled wheat culture of mixed infusoria. The 
bacteria grew and multiplied rapidly when subcultured at intervals of about two 
weeks. Both normal and ultracentrifuged organisms were fixed in 100 per cent 
alcohol, Schaudinn’s, Bouin^s, Champy’s and Regaud’s solutions. They were 
stained in Heidenhain’s hematoxylin, Delafield’s hematoxylin, Regaud^s hema- 
toxylin, aceto-carmine, by Feulgen’s method, in silver nitrate, in osmic acid and 
in nigrosin. In addition they were vitally stained by Janus green B, neutral red, 
methylene-blue and brilliant-cresyl-blue. They were also observed in the 
living unstained condition, in dark field and under polarized light; the micro- 
incineration technique was likewise carried out. The bacteria were centrifuged 
at 400,000 times gravity for 10 to 20 minutes in the air-driven ultracentrifuge 
developed by J. W. Beams at the University of Virginia, to whom we are in- 
debted for having constructed the apparatus for us. 

DESCRIPTION 

Spirillum volutans is a large, quite rigid, corkscrew-shaped bacterium which is 
equipped with a group of flagella at each end (fig. 1). It moves in a rather tight 
spiral, the movement appearing to be quite without jerkiness. There are nu- 
merous granules and vacuole-like inclusions in the protoplasm which appear highly 
refractive or dark, depending upon the focus at which they are observed (fig. 4). 
Vital staining with nigrosin reveals these structures much more clearly than 
under ordinary unstained conditions (fig. 6). 

Due to their rigid covering, these organisms do not break up nor are they 
greatly distorted by ultracentiifuging but all the granules and vacuoles are con- 

^ Aided by a grant from the Rockefeller Foundation for work in Cellular Biology. 
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centrated in the centrifugal ^'troughs” of the body: the centripetal “crests” 
being nearly optically homogeneous (figs. 1, 2, 3, 5, and 7), In other forms, mito- 
chondria (Beams and King, 1934), chromatin (Beams and King, 1938), plastids 
(Beams and King, 1936) and volutin (Patten and Beams, 1936) are heavier than 
the surrounding cytoplasm. This condition inhibits locomotion in Spirillum be- 
cause of the unequal distribution of weight in the spirals; the organisms float 
“troughs” down, “crests” up and sway from side to side uncertainly. This 
reaction of the granules to high centrifugal forces indicates that they have a higher 
specific gravity than the surrounding cytoplasm. Furthermore, the internal 
cytoplasm cannot be of the same rigid architecture as the surface, since these 
experiments indicate that the viscosity of the internal cytoplasm is not unusually 
high as compared to that of other organisms. When removed from the ultra- 
centrifuge and allowed to stand for 30 to 60 minutes the granules and vacuoles 
often completely redistribute. 

The nature of the chromatin material in Spirillum is doubtful. Fixation in 
Schaudinn’s fluid followed by Heidenhain’s hematoxylin stain, demonstrates 
dark granules scattered throughout the organism as are also clear vacuole-like 
bodies (fig. 8). Similar granules are seen following the aceto-carmine technique 
(fig. 13). However, these bodies did not give a sufficiently satisfactory reaction 
with the Feulgen method to permit a definite decision as to whether they are 
questionably positive or completely negative. Undoubtedly they are what 
certain other investigators have interpreted as chromatin or chromidia, but still 
others have claimed that they are volutin (Lewis, 1940). From our studies we 
can only conclude that, in spite of their questionable reaction with the Feulgen 
method, they react to other chromatin stains (hematoxylin and aceto-carmine) 
more nearly like the chromatin of higher forms than any of the other granules 
demonstrated. On the other hand, hematoxylin is said to stain volutin (Taylor, 
1937) and, as is the case with so many other staining reactions, it is not to be con- 
sidered a specific stain for chromatin. 

Following treatment of the living organism with Janus green B numerous small 
granules are also seen (fig. 10). These appear to be more numerous than the 
ones demonstrated by the hematoxylin and aceto-carmine methods. They do 
not appear to be volutin granules and they react to Janus green B in much the 
same way as do the mitochondria in cells of higher organisms. However, we 
hesitate to claim them to be mitochondria dogmatically on the basis of their 
reaction to Janus green B alone, since it is well known that this stain, despite the 
claims of some investigators, is not a specific stain for mitochondria. With 
Regaud’s method (fig. 9) granules are demonstrated which appear much like 
those seen following Schaudinn's fixation and Heidenhain^s hematoxylin staining. 

Living organisms stained with methylene blue reveal granules which probably 
are volutin material (fig. 11). Organisms fixed in Schaudinn^s fluid and sub- 
sequently stained in methylene blue (fig. 12) also show granules which appear to 
be somewhat larger than those stained vitally with methylene blue. However, 
the distribution of the two sets of granules is not unlike; so that they probably 
represent the same material, namely volutin (see Lewis, 1940). 
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A few darkly-colored bodies are found scattered in the C 3 rtoplasm following the 
osmic acid method used so extensively for demonstrating Golgi material in the 
cells of higher organisms (fig. 15). These appear to be vacuolar in nature and 
probably are not comparable to the Golgi material. They may be fat but in any 
case they probably are not comparable to the clear unstained vacuoles seen in the 
hematoxylin methods of Heidenhain and Regaud (figs. 8 and 9). Organisms 
incinerated according to the method of Scott (1937) reveal, under darkfield, 
masses of ash (fig. 14). Methods were not available to determine the chemical 
nature of the ash but it probably represents, as indicated by its distribution, the 
ash left by the volutin granules rather than any ash residue left by fats. 

Spirillum volutans divides by transverse fission as may be seen in figures 2 and 
3. In figure 2 apparently the “cell plate” has become sufficiently formed to 
prevent the passage of the centrifuged granules through it. 

DISCUSSION 

Good reviews of the nature of the chromatin material and the methods of 
division in bacteria are available and need not be repeated here (Guilliermond, 
1907; Dobell, 1911; Lindegren, 1935; Stille, 1937; l^aysi, 1938; Lewis, 1940; 
and Beebe, 1941). Suffice to say that there are at present five views concerning 
the nature of the nuclear apparatus in bacteria as follows: (1) Nuclei similar to 
those demonstrated in higher plants and animals are absent. (2) The whole 
bacterial cell is regarded as homologous to the nucleus of the cells of higher or- 
ganisms. (3) Bacteria possesses definite nuclei. (4) The chromatin of bacteria 
is scattered throughout the cell body of the organism in the form of small gran- 
ules. (5) The bacterial nucleus may consist of naked rather than chromatin- 
encrusted gene strings. 

For Spirillum^ Biitschli (1902) has described a “central body” as the nucleus. 
This central body is considered as the endoplasm by most other authors. Swel- 
lengrebel (1909) holds that the chromatin of Spirillum giganteum is present either 
as scattered granules in the protoplasm or in the form of diagonal and zig zag 
bands; a similar view is held by Dimitroff (1926) for Spirillum mrginianum. 
Dobell (1911) found scattered chromidia in Spirillum monospora, a filamentous 
nucleus in a spirillum from the gut of lizards and a spherical nucleus in a spirillum 
from the large gut of the cockroach. Lewis (1940) holds that chromatin is not 
demonstrable in Spirillum volutans but must be present in the form of a naked 
gene string. 

At first view the evidence reported here seems to support the idea that the 
chromatin in Spirillum is in the form of scattered discrete granules. However, it 
must be kept in mind that, in our hands the Feulgen method did not give suffi- 
ciently clear information for us to state that a positive reaction was obtained with 
any of the structures in Spirillum, We are well aware of the fact that a positive 
reaction with chromatin bodies, previously described as such (Nakanishi, 1901), 
in other bacteria has been reported following the use of the Feulgen method 
(Stille, 1937; Piekarski, 1937). Bacteria which have been ingested by Para- 
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mecium {BadUus suUilia ?) often show a positive Feulgen reaction similar to that 
reported by Stille (1937) for B, subtilis. 

No evidences of any form of mitosis of the kind seen in higher organisms were 
observed by us. The method of division in Spirillum seems to be transverse 
binary fission resulting in the formation of two separate daughter cells. Neither 
division of the granules in the organism prior to cytokinesis nor the origin of new 
flagella could be observed. However, in keeping with the facts of division of 
higher organisms there might be expected an orderly division of the chromatin 
material if the principles of genetics operate in bacteria as they do in higher or- 
ganisms. However, many species of protozoa, such as Opalina, show a condition 
in which the repeated division of the nuclear material precedes by considerable 
time the division of the cytoplasm. Such a state of affairs in which the widely 
dispersed chromatin material divides independently of cytoplasmic division 
might be easily imagined to occur in bacteria. However, it might also be argued 
that, in lower forms of life such as the bacteria, the chromatin or gene-carrying 
material is not differentiated at all, or that the chromatin is chemically different 
from that in higher forms, or that it is so diffuse that a positive staining reaction 
with the Feulgen method will not occur. This latter condition is known to be the 
case in the ova of certain invertebrates, where a negative Feulgen reaction has 
been reported at one stage yet chromatin which gives a positive reaction is known 
to be present at another stage. Cunda and Muniz (1929) found Feulgen-posi- 
tive granules in Bacillus anthrads from a 16-18 hour old culture but none in the 
spores. Also Pokrowskaja (1931) found that Pasteurella pestis living parasitic- 
ally gave only a diffuse nucleal reaction while under saprophytic conditions a 
positive reaction was obtained for a ‘‘true*^ nucleus which divided amitotically. 
This is somewhat similar to the conditions described by Schaudinn (1902) who 
held that in Badllus biitschlii the chromatin was differentially scattered in the 
vegetative cell but present as a ‘‘true” nucleus in the spores. Beebe (1941) has 
described the nucleus as a compact Feulgen-positive mass in Myxococcus xanthus. 
This nucleus breaks up into chromosomes during division and undergoes autog- 
amy before spore formation and meiosis during germination of the spores. 

The gene string theory of Lindegren (1935; see also Lewis, 1940) is, indeed, of 
great theoretical interest. However, there is little, if any, cytological evidence 
to support such a view; in fact there is an abundance of evidence to show that 
demonstrable chromatin is present in certain bacteria; a condition which would, 
if true, make the above theory redundant for those forms at least. As regards 
the various views listed above concerning the nature of the chromatin of bacteria, 
in general, it is entirely possible, it seems to us, that the state of the chromatin 
may differ in different forms of bacteria. Therefore, if this should be the case, 
efforts to generalize too broadly on this question from the condition found in any 
individual group of bacteria would be folly. 

Evidence for the presence of mitochondria in SpiriUum as indicated by the 
methods used to demonstrate them in higher organisms is also questionable. As 
mentioned before, Janus green B stains small granules which may or may not be 
mitochondria. Efforts to demonstrate the Golgi apparatus in these organisms 
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using the osmic acid technique were in vain. Of course, this does not mean that 
it is not present, but only that it does not appear in the form characteristic of 
higher organisms. This is not surprising since in the protozoa and in plant cells 
in general, conflicting evidence for the presence or absence of Golgi material has 
been published. 

In Heidenhain hematoxylin preparations, figures like those shown in plate 1 by 
Lewis (1940) are found. In addition to the darkly-staining granules many clear 
bodies are present which Lewis interprets as fat. The evidence presented in this 
paper cannot be easily brought to support this idea. The interpretation that 
these bodies are fat is based mainly on the fact that they stain with Sudan IV and 
Sudan black B. On the other hand our evidence, which indicates that they prob- 
ably are not fat is based mainly on their reaction to centrifuging and their gen- 
eral failure to reduce osmic acid. If our observation that all of the granules and 
vacuoles move to the centrifugal pole is correct, they cannot be intracellular fat 
because fat being lighter than protoplasm generally would move to the centrip- 
etal pole. It could be, however, that they represent reserve food material 
around whose periphery fat might collect and in which case they might be heavier 
than the surrounding protoplasm. In osmic acid preparations only a few of these 
bodies are darkened among many unstained ones. The former cannot be the fat 
bodies referred to by Lewis because of their relatively small number. Our in- 
terpretation is that these osmified vacuoles may be fat, vacuoles of some other 
kind or possibly even artifacts. 

To our knowledge evidence as to the effects of high centrifugal force upon the 
cytology of bacteria has never previously been reported. From the evidence 
presented here it is clear that the intracellular granules and vacuoles can be dis- 
placed and concentrated at the centrifugal regions of the cell and, upon removal 
of the organisms from the ultracentrifuge, are redistributed to an apparently 
normal condition. This is interpreted to mean that the granules are of different 
density from that of the cytoplasm which, compared to that of cells of other cen- 
trifuged organisms, does not seem to differ greatly in viscosity. It further dem- 
onstrates that normal locomotion of the bacteria can be impeded by the unequal 
concentration of the granules resulting in an asymmetrical distribution in weight 
in different portions of the body. We have subjected Spirillum to centiifugal 
forces of the order of 800,000 times gravity for 10 minutes without killing them. 
This indicates that molecular stratification in the organisms did not take place or 
that if such did occur, death was not the result. This is interesting in view of the 
fact that molecular displacement in non-living systems may occur readily in 
fields of such intense centrifugal force. 

SUMMARY 

1. All the granules visible in living Spirillum volutam are displaced to the 
centrifugal region upon ultracentrifuging. Therefore all these granules are 
heavier than the protoplasm surrounding them. 

2. There are at least two different kinds of granules as is demonstrated by the 
fact that certain ones do not stain in iron hematoxylin while others do. 
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3. Certain of the large clear vacuole-like inclusions, which do not stain with 
iron hematoxylin, reduce osmic acid. However, this reaction does not take place 
in the great majority of these, so they cannot be regarded as fat. That they are 
heavier than the cytoplasm surroun^g them is also opposed to their interpreta- 
tion as fat. However, they may be reserve food with a peripheral layer of fat. 

4. Although a clear differentiation cannot be made among the granules by 
staining in iron hematoxylin following fixation in Regaud’s fluid, it is probable 

^ that some of the smaller ones, i.e. those staining vitally in Janus green B, may 
represent mitochondria or mitochondria-like bodies. 

5. Chromatin responding positively to the Feulgen reaction has not been dem- 
onstrated in Spirillum nor has a definite identification of chromatin or nucleus 
been made. There is no reason for believing that the nucleus and chromatin 
must be present in uniform condition in all bacteria. 
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platp: I 

Figs. 1-3. Photographs of oontrifug(Ml Spirillum, stained in Xigrosin and dried. The 
visible inclusions are concentrated in the centrifugal “troughs.” In addition, figures 2 
and 3 show stages in division. 
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VhATK II 

Ficj. 4. Normal living Spirillum. The iiielusioiis show the usual random distribution. 
Fig. 5. CVntrifuged living Spirillum. The inclusions nro packed into the centrifugal 
“troughs.’’ 

Fig. 6. Normal living Spirillum vitally stained in Nigrosin. Inclusions as in figure 4. 
Fig. 7. (Vntrifuged living Spirillum vitally stained in Nigrosin. Inclusions as in 
figure 5. 

Fig. 8. Spirillum fixed in Schaudinn’s fluid, stained in iron hemato.xylin. 

Fig. 9 . Spirillum ti.xed in liegaud’s solution, staimal in iron hematoxylin. 
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PLATE III 

Fig. 10. Normal living Spirillum, vitally stained in Janus green H. 

Fig. 11. Normal living Spirillum, vitally (?) stained in methyhuie blue. 

Fig. 12. Spirillum fixed in Schaiidinn’s fluid and stained in methylene blue. 

I'lG. 13. Spirillum fi.xed and stained in aceto-earmine. 

Fig. 14. Spirillum prepared by microineineration method. Ash in sanu* relative posi- 
tion as larger inclusions. Drawn in dark field. 

Fig. 15. Spirillum treated with osmic acid for sc‘V(*n days. HanJy a few inclusions are 
osmified. 
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At the Second International Congress for Microbiology the Nomenclature 
Committee agreed to the designation of Bacillus subtilis, Cohn, 1872, emendavii 
Prazmowski, 1880 as the type species of the genus Bacillus and recognized the 
Marburg strain as the type strain. The latter action was based on recommenda- 
tions arising from Conn’s (1930) study of the Michigan and Marburg strains. 

Soule (1932) previous to the meeting had presented the arguments for the 
adoption of the large-celled Michigan strain as the standard strain if the Com- 
mittee were to accept B, subtilis, Cohn, 1872 as the type species of the genus. 
Since the Congress Lamanna (1940b) has reported that the Marburg strain was 
not to be distinguished from Bacillus vulgatus. 

The present study was undertaken to determine whether it is probable that 
Cohn and Prazmowski observed a small-celled species and to learn if the de- 
posited Marburg strain in the American Type Culture Collection is identical with 
B. vvlgatus. The fifth edition of Bergey’s Manual does not list B, vulgatus as a 
species. But the more recent work of Lamanna (1940b), Sievers and Zetterberg 
(1940), Sievers (1942), and data to be presented leave little doubt as to the 
eligibility of B. vulgatus to species rank. 

ISOLATIONS FROM BOILED HAY INFUSIONS 

Five samples of hay from four separate and distant bams were collected. 
Each sample was placed into a sterile two-liter flask and boiling water added until 
the hay was covered by a layer of water a few millimeters deep. The flasks were 
boiled for 15 minutes, cooled in tap water and incubated. A white fragile pellicle 
became visible in all cases at the end of 48 hours. 

After two and four days of incubation a few drops of the hay infusions were 
transferred by sterile pipette to nutrient agar slants. Hanging drop preparations 
of growth from all the slants prepared from the 48-hour-old infusions showed 
only small motile cells. 

Platings of the growths on the agar slants were made by the loop dilution tech- 
nique. The resulting colonies were studied for differences. Two colonies of 
those that appeared to be representative of the types present in each sample of 
hay at the end of 48 and 96 hours were picked onto nutrient agar. An incubation 
temperature of 25®C. was used in the entire described procedure. 

The isolated pure cultures were subjected to a morphological, physiological and 
serological (spore as antigen) study. The methods of study and criteria for des- 
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ignating species have been outlined elsewhere (Lamanna, 1940 a, b, c). Table 
1 lists the results. It is evident that in a boiled hay infusion one will find small- 
celled t3rpes of aerobic spore-formers within the first 48 hours of incubation with 
large-celled types appearing later. The conclusion of Conn (1930) that Cohn and 
Prazmowski observed a small-celled strain in boiled hay infusion is tenable and 
the Nomenclature Committee's action in recognizing a small-celled type as the 
true B, subtilis is justified. 

However, it is also evident that depending on a great number of variables one 
or another small-celled species may predominate in a boiled hay infusion within 
48 hours, and not always as a pure culture. It is, therefore, impossible to be 
certain as to exactly which small-celled species Cohn and Prazmowski called 
B. subtilis. 


TABLE 1 


Isolation of aerobic spore-formers from hay infusion boiled 16 minutes and incubated at 26"^ C 


WEIGHT OF RAY 

1 

2 

3 

4 

5 

SAMPLE 

507 g. 

467 g. 

609 g. 

510 g. 

670 g. 

Species iso- 
lated at 
end of 48 
hours 

B, vulgatus^ 
B, vulgatus* 

B, agrif 

B. agri 

B, vulgatus 
B. agri 

B. vulgatus 

B, vulgatus 

B. vulgatus 

B, vulgatus 

Species iso- 
lated at 
end of 96 
hours 

B. vulgatus 
B, vulgatus 

B, cereusX 
B. cereus 

B, vulgatus 
B, vulgatus 

B, cereus-likeX 
B, cereus-like 

B. cereus-like 
B. cerews-like 


* Atypical, does not reduce nitrates; starch hydrolysis negative, 
t Small-celled. 

t Large-celled. * 


Prazmowski observed the method of spore germination of his organism which 
is helpful in delimiting his species. But as one characteristic not correlated with 
others it is only helpful rather than conclusive evidence. Thus, in choosing the 
type strain to represent the species B, subtilis one is not guided by knowledge of 
all the necessary facts. The conclusion reached is never unchallengeable and 
must rest in part on opinion and convenience. In the material that follows it 
will be demonstrated that the Marburg strain accepted as the type is actually 
B. vulgatus, and that it would be most convenient and do no violence to the facts 
on hand if a strain labeled as B. subtilis by Lawrence and Ford (1916) is ac- 
cepted as the more likely representative of the organisms studied by Cohn and 
Prazmowski. 

The following strains are reported on: 

&8B, subtilisy Ford. Received by Soule from Ford. 

C i B, subtilis, Marburg strain, from H, J, Conn. 
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St B. vidgatus from Washington State College Collection. 

CbB. vtdgaius from H. J. Conn. 

UA3, UA7, UAll probably B. svbtilis from L. B. Schweiger. 

Purchased from the American Type Culture Collection: 

102 B. 8xd)tilis, W. W. Ford, through American Museum of Natural History. 
Sold to private collection. Reobtained by A T C C and sent to present 
author. 

465 B. sicbtilis, N. M. Harris, Ottawa. 

6051 B. suUilis, H. J. Conn. The Marburg strain, the type strain of the 
species. 

6633 B. svbtilia, N. R. Smith. Bureau Plant Industry, U.S.D.A. strain 
no. 231. 

6598 B. subtilis, Veterinary Corps, Army Medical School, Washington, 
D. C. From blood stream of a horse. 

4529 B. vidgatus Trevisan. From W. W. Ford. From milk 1916. 

6984 B. vidgaim Trevisan, var. hydrolyticus Hermann. From Hermaim, 
German University of Prague. 

From Dr. Ruth Gordon the following strains were received: 

231 B. svbtilis, Smith 104, from Kellerman, 1912. 

238 B. wlgalus, Smith 164, American Type Culture Collection 123, A. M. 
N. H. 725, from Ford. 

Table 2 records the data obtained. The strains are easily separable into two 
distinct groups. The characterization of each group is based on a number of 
criteria which are probably of sufficient significance to warrant labeling each 
group as a natural species. In a personal communication Prof. Knaysi (1941) 
who has studied the Marburg and Ford strain (S 8) of B. subiilis has stated that 
in his opinion the two cannot be confused. Schweiger (1942) has written me that 
he has found no serological relationship between vegetative cells of strain UAll, 
and strains UA3, UA7. 

It should be noted that strains of B. vulgatus have been named by persons iso- 
lating them at times as vvlgaius, and sometimes as svbtilis, whereas those strains 
resembling Ford’s svbtilis have been named B. svbtilis and never vulgatus. 

The reasons for this may be explicable. The original separation of B. vulgatus 
(Fliigge, 1886; 5 ed. Bergey’s Manual, 647-649) was on the basis of pigment 
formation, especially the deep red color developed on potato slants. However, 
the pigment formation is not a constant characteristic (Lehmann and Neumann, 
1920). Gordon and Smith (1942) have reported loss of pigmentation by BadUvs 
aterrimvs which species Lamanna (1940b) had pointed out resembled the Mar- 
burg strain and B. vulgattis. Wechsler (1939) has shown that pigmentation of 
strains of B. subtilis and B. vulgatus in both cases is related to tryosine metabo- 
lism, but that vulgatus is the more vigorous pigment former. Console and Rahn 
(1938) noted that their usually non-pigmented culture of the Marburg strain 
often dissociated into a pigment former. We may conclude that when a strain 
of B. Vidgatus upon isolation has formed abundant pigment it was labeled B. 
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vvlgatus or as a related variety but when pigmentation was absent or meagre it 
was labeled B. svbtilis or Marburg strain. The difficulty to date has been that 
insufficient criteria existed for proper classification. 

The question that remains is whether the Marburg strain should be recognized 
as the type strain of subtilis. If it is, then J?. vvlgatus must be discarded and a 


TABLE 2 


NAICE 

GIVEN 

BY 

AUTHOR 

WHO 

MADE 

ISOLA- 

FERMENTA- 
TION OF 





1 

TION 

9 

6 

c 

J 

Q 

1 


I 

s 


MODE 07 SPOKE 
OERinNATlON 


OSOWTB 

AT*C. 


55 


VOCES- 

PKOS- 

KAUER 

RSAO 

WON* 


SEROLOGICAL TESTS 
ANTSIERA PREPARED AGAINST 
SPORES OF STRAIN 

NITRATE 

REDUC- 

TION 

TO 

NI- 

TRITES 

Agglutination 

Precipitation 

S8 

C4 

St 

B. 

agri 

S8 

C4 

St 

\agri 


Identified as etraina of Ford and Lawrence’s B. 


m 


+ 

+ 

n 

+ 

Equatorial 

+ 

0 

+ 

+ 

0 

0 

0 

+ 

0 

B 

n 


ill 

wbtilia 

+ 

+ 

0 


without 

+ 


+ 

+ 

0 

0 

0 

+ 

0 

0 

0 

+ 


9tibtS,ia 


+ 

o 

+ 

splitting 

+ 

G 


+ 

0 

0 

0 

+ 

0 

Q 

0 

+ 

1 

subtilis 

+ 

+ 

0 

■f 

along the 
transverse 
axis 

+ 

f 

+ 

+ 

0 

0 

0 

+ 

0 


0 

+ 


Identified as strains of B. tvlgat%L» 


102 

subtilis 

+ 1 

4- 

0 

1 


Equatorial 
with and 
without 
splitting 
along trans- 
verse axis 
(ratio 1.5 to 
1) 

-f 

+ 

+ 

0 

+1 

+i 

0 

0 


4- 

0 

0 

6051 

Mar- 

burg 

strain 


+ 

0 

+ 

Equatorial 
with split- 
ting along 

+ 



0 

+ 

+ 

0 

0 

+ 

4- 

0 

+ 

C4 

Mar- 

burg 

strain 

+ 

+ 

0 

+ 

the trans 
verse axis 

0 

+ 


0 

+ 

+ 

0 

0 

+ 

4- 

0 

4- 

C5 

vvlgatus 

+ 

+ 

0 

-f 


0 

+ 

+ 

0 

-f 

+ 

0 

0 

+ 

4- 

0 

4- 

St 

vvlgatus 

+ 

+ 

0 

+ 


0 

+ 

+ 

0 

+ 

+ 

0 

0 

+ 

4- 

0 

4- 

6084 

vulgatvM 

+ 

+ 

0 

+ 


vaI. 

=b 

+ 

+ 

0 

i + 

+ 

0 

0 

+ 

4- 

0 

4- 

4520 

vvlgatus 
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0 

0 

+ 


+ 

+ 

0 

0 

+ 

+ 

0 

0 

n.r. 

4- 

0 

4- 

238 

vvlgatus 

+ 

+ 

0 

+ 


0 

0 

+ 

0 

+ 

+ 

0 

0 

4- 

4- 

0 

4- 

231 

svbtilis 

+ 

i + 

0 

+ 


0 

i+ 

+ 

0 

+ 

+ 

0 

0 

4* 

4* 

0 

j 4- 

465 

svbtilis 

+ 

+ 

0 



0 

+ 

v.81.4- 

0 

+ 

+ 

0 

0 

4* 

4- 

0 

I 4- 

6633 

subtilis 

+ 

+ 

0 

+ 


0 

+ 

H- 

0 

+ 

+ 

0 

0 

4- 

4- 

0 

4- 

UAll 

subtilis 

+ 


0 

1 


0 


+ 

0 

+ 

+ 

0 

0 

+ 

4- 

0 

4- 


• Barritt’s method. 

+1 positive; 0, negative; v^l., very slight; n.r., not run; db, repeated tests gave variable results. 


new name invented for Ford’s B. subtilis. It is recommended that J5. vvlgatus 
be retained as a species and Ford’s svbtilis taken as the type of small-celled spore- 
former observed by Prazmowski. Prazmowski’s and Brefeld’s figures of spore 
germination of svbtilis (reprinted in Soule, 1932) can be interpreted as repre- 
senting spore germination by equatorial germination without splitting along the 
transverse axis. Ford’s strain germinates in this fashion. The Marburg strain 
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and B, vvlgatuB germinate equatorially with splitting along the transverse axis 
(Lamanna, 1940a). Thus, even though Prazmowski did not give an adequate 
description of his organism by present day standards, it can be recognized that 
Ford’s strain resembles it more closely than the Marburg strain. 

Previous to the Congress R. E. Buchanan (1935) in presenting his proposal 
that a committee be appointed to fix upon the standard strain of B, auhtilis 
stated that the committee should, 

^^(I) Secure, if such is in existence, a culture derived from the original culture 
isolated by Cohn, and which agrees with his description. 

(II) If (I) is not possible, secure a culture which has been described and 
accepted as Bacilhis subtilis, and which agrees as closely as possible with the 
original description by Cohn.” 

No subcultures of Cohn’s ori^nal isolation exist. Acceptance of the Ford 
strain of subtilis would coincide with the spirit of the above remarks. The Ford 
strain is available, has been described and accepted by many as B. subtilis, agrees 
as closely as the Marburg strain to Cohn’s original description, and more closely 
with Prazmowski’s and Brefeld’s figures of spore germination. 

Strains S8 and 102 were named B. subtilis by Ford. Yet the two are different 
(see table 2). The author prefers to choose S8 as representing Ford’s subtilis 
because it came to him through only one other person (Soule). Strain 102 went 
from Ford to the American Museum of Natural History, then to the A.T.C.C., 
sold to a private collection, back to A.T.C.C. and on to the present author. In 
addition, strain S8 in cell size is smaller than cells of similar age of 102. Con- 
sequently S8 agrees more closely with Ford and Lawrence’s description of B, 
subtilis. 

Strain 102 unlike other B. vvlgatus strains does not reduce nitrates and shows 
equatorial spore germination, both with and without splitting along the trans- 
verse axis. But in the other aspects of its natural history it resembles the 
B, wlgaius more closely than any other species and so is placed with them. The 
problem of intermediate types is a difficult one in bacteriology and the aerobic 
spore-formers apparently present no exception in this regard. A rational system 
of classification will base separation on a study of a wide variety of properties and 
place intermediates with the groups they resemble most closely rather than lead 
to the creation of innumerable species or sub-species. 

PRECIPITINOGENS FROM BACTERIAL SPORES 

The agglutination tests reported in table 2 employed bacterial spores mixed 
with rabbit antisera prepared against spores of the listed strains. The method of 
running the agglutination test has been reported (Lamanna, 1940b). The pre- 
cipitation test was set up by layering varying dilutions of antigen solution in a set 
of tubes (6 by 50 nun.) containing antiserum diluted with one part of physiolog- 
ical salt solution. Appropriate saline and normal serum controls were included. 
The appearance of a ring of flocculus within one hour of incubation at 37®C. or 
during subsequent overnight storage in a refrigerator was read as a positive test. 
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A negative result in table 2 means that no dilution of antigen gave an observable 
precipitate. 

As antigen for the precipitation test 10 ml. of a physiological saline suspension 
of spores of turbidity equivalent to one ml. of a one-percent barium chloride 
solution added to nine ml. of one-percent sulphuric acid was pipetted into a 
pyrex test tube. The spores were centrifuged out, resuspended in five ml. of 
N/20 hydrochloric acid containing 0.85 percent sodium chloride, and boiled for 
30 minutes. The spores were then centrifuged down and the supernatant neu- 
tralized with N/1 sodium hydroxide. After centrifuging the supernatant to re- 
move a precipitate, which at times appeared upon neutralization, the resulting 
clear liquid was used, diluted and undiluted, as antigen for the precipitation test. 
The procedure is essentially similar to the Lancefield (1928) method for separat- 
ing soluble C substance from hemolytic streptococci. 

The precipitinogen present in the clear liquid can also be separated from the cell 
by boiling the spores in 1/lON hydrochloric acid. Normal acid gives no pre- 
cipitinogen and is presumed to destroy it. Spores boiled for 30 minutes in the 
N/20 acid stained by Domer’s method appear no different from untreated 
homologous spores. 

The antigen gives positive Molisch, Biuret, and xanthoproteic tests. One 
may postulate that the antigen is a carbohydrate carried as a prosthetic group in 
a protein molecule. Studies are underway to define the nature of the spore 
antigen more precisely and we hope to publish in the future results of studies on 
the presence or absence of the antigen in vegetative cells. At that time it will be 
proper to discuss the biological significance and taxonomic utility of these isolated 
spore precipitinogens. 


CONCLUSIONS 

During the first 48 hours of incubation (25°C.) of a boiled hay infusion small- 
celled types of aerobic spore-formers predominate. 

The Marburg strain of Bacillus subtilis is identical with Bacillus vuLgatus. 
B, subtilis of Ford and Lawrence (1916) is distinct from B. vulgatus. Both 
deserve rank as species. 

It is recommended that Ford and Lawrence's organism be recognized as the 
standard strain of B, subtilis, Cohn, emendavit Prazmowski. 

By boiling in N/10 or N/20 hydrochloric acid it is possible to separate pre- 
cipitinogens from spores of B. subtilis and B. vulgatus. The antigen of each 
species does not cross precipitate with spore antiserum of the heterologous species. 
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NOTES 

ANAEROBIC PLATES 

MAX S. MARSHALL and HELEN P, NORDBY 

Department of Bacteriology ^ University of California Medical School, San Francisco, 

California 

Received for publication September 30, 1942 

Several methods of preparing plate cultures of anaerobes without using sealed 
jars have been described. Fortner's method is well known. Krumwiede poured 
agar into the top of a Petri dish instead of the bottom and sealed it with the 
flat side of the bottom next to the agar. Diffusion of oxygen from the edges, 
the control of contaminants on the exposed agar, the difficulty of using the plate 
when opened, and the lack of surface colonies are objections. Brewer devised a 
special glass top for Petri dishes which left an air space and provided a partial 
seal by imbedding a glass flange in agar. The medium used, a modification of 
his excellent thioglycoUate medium, took care of residual oxygen and seepage. 
The tops are heavy and are easily broken, they must be especially purchased, 
the pocket of air is irregular even with an exact quantity of agar, and the medium 
must be one which makes the residual oxygen ineffective. 

The method herein described consists of the preparation of a streaked or 
poured plate culture of anaerobes or suspected anaerobes by the same methods 
used for aerobes. Any medium on which anaerobes will grow, if oxygen is 
removed, is suitable. 

Anaerobic conditions are provided continuously with a small Petri dish, 
75 mm. in diameter and 10 mm. high, in which Serratia marcescens is streaked 
on ordinary agar. The edge of the inoculated half of the small plate is pressed 
with a slight turning motion into the agar of the larger plate, trapping air be- 
tween the two surfaces of agar and sealing, except for diffusion of oxygen through 
a layer of agar, under the edge, and up through another layer of agar. It takes 
but a short time for Serratia marcescens to consume the residual oxygen and 
any seepage is consumed immediately. 

After incubation, the small plate is removed carefully, rotating first to loosen 
so that a circle of agar will not stick to the small plate. A bit of Scotch tape 
on the small plate will permit its removal without risk of touching the inoculated 
surface. Thereafter the anaerobic conditions are lost but the grown culture on 
agar may be handled for isolation and examinations at the time preferred for 
study with the same ease and the same technic that is used for aerobic cultures 
on plates. 

This method for the cultivation of anaerobes has been tried with medical, 
dental, and pharmacy students none of whom had cultivated anaerobes before. 
It requires a minimum of experience and equipment and is convenient. 
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SEROLOGICAL RELATIONSHIPS BETWEEN DIPLOCOCCUS PNEU- 
MONIAE AND HEMOPHILUS INFLUENZAE 

ORREN D. CHAPMAN and WINIFRED OSBORNE 
Bureau of Laboratories^ Department of Healthy Syracuse, New York 
Received for publication, October 20, 1942 

The knowledge of the serological relationships of various pneumococcal types 
to other species is continuing to increase. Reported observations of such rela- 
tionships are listed in table 1. 

In April 1942 an Hemophilus influenzae type a was isolated from the cerebro- 
spinal fluid and nasal secretion collected from a child hospitalized because of a 
fractured skull. This organism exhibited a definite “Quellung” reaction when 
mixed with rabbit antipneumococcus type 6 serum. This finding was confirmed 
by Margaret Pittman who obtained positive results with two out of eight lots of 
rabbit antipneumococcus type 6 sera. Further studies have demonstrated 
that the inability of certain lots of serum to produce the reaction is due to the 


TABLE 1 


OBSESVESS 

YEAS 

PNEUMOCOCCUS 

TYPE 

SEBOLOGICALLY BELATED OBOANISM 

Avery, Heidelberger and Goebel 

1925 

2 

Friedlander^s bacillus type B. 

Sugg and Neill 

1929 

2 

Saccharomyces cerevisiae 

Dingle 

1934 

2 

Bacterium leptisepticum 

Barnes and Wight 

1935 

1 

Escherichia colt (mucoid) 

Sugg and Hehre 

1942 

2, 20 and 12 

Leuconostoc mesenteroides 

KaufTmann and Langyad-Nielson 

1942 

35, 35A and 
35B 

Salmonella, type kirkee * 


absence of immune substance for pneumococcus type 6b. It has been demon- 
strated that the cross reaction is reciprocal between pneumococcus type 6b and 
H, influenzae type a. The present evidence is that pneumococcus type 6b con- 
tains at least two carbohydrate components one in common with pneumococcus 
type 6a and the other with H. influenzae type a. It has been impossible to ob- 
tain a cross reaction in either direction between pneumococcus type 6a and 
H, influenzae type a. 

In July 1942 an H, influenzae type c was isolated from the sputum of a patient 
hospitalized because of a respiratory infection. This organism when mixed with 
rabbit antipneumococcus type 21 serum exhibited a definite ‘‘Quellung’’ reaction. 
This reaction was obtained with two different lots of serum. This finding was 
confirmed by Pittman using two additional lots of serum. The present evidence 
does not warrant a statement concerning the reciprocity of the reaction between 
H. influmzae type c and pneumococcus type 21. 

Conclusion: 

An interesting serological relationship between certain pneumococci and H. 
influenzae has been demonstrated. The present evidence is that there is a 
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common carbohydrate component shared by pneumococcus type 6b and H. in- 
fluemae type a. The serological relationship between H. influenzae type c and 
pneumococcus tjrpe 21 has not, as yet, been proven to be reciprocal. These find- 
ings gain added significance when it is realized that in routine pneumococcal typ- 
ing procediu-es as performed in diagnostic laboratories the morphological simi- 
larity of pneumococci and H. influenzae may be confusing. Investigations 
involving reciprocal absorption tests with the respective systems are in progress 
and the results obtained will be published in more detail. 




PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 

EASTERN MISSOURI BRANCH 

Bbvo Building, Anheuser-Busch, Inc., St. Louis, Mo., April 14, 1942 


Genetics op Yeast. C. C. lAndegren, An- 
heuser-Busch, Inc., St. Louis, Mo. 

A yeast hybrid was made by mating a very 
stable and a relatively stable form of Sac- 
charomyces. The hybrid proved to be ex- 
ceptionally unstable, producing mutants in 
great abundance, with the general charac- 
teristics of the two parents as well as a large 
number of inferior types. 

Exhibit and Discussion of Yeast Deriva- 
tives. K, L. Cartwright^ Anheuser- 
Busch, Inc., St. Louis, Mo. 

Yeast can be used to produce protein from 
ammonia and to convert sucrose to glyco- 
gen, yeast gum, alcohol, glycerol, acids, 
fats, and sterols. Yeast ash is composed 
chiefly of potassium, phosphorus, magne- 
sium, and calcium. 

S 3 ^l thesis and storage of the vitamins of 
the B-complex and ergosterol by yeast, and 
the differences between different species 
were discussed . The use of yeast to produce 
medicinals such as, 1-ephedrine, histamine, 
glutathione, lecithin, and purine-pyrimidine 
bases is reviewed. 

The Effectiveness op CoMMERaAL Ul- 
traviolet Rat Sterilizing Cabinets. 
L. C. Tobin, Anheuser-Busch, Inc., St. 
Louis, Mo. 

Various studies were conducted on three 
commercial ultraviolet ray sterilizing cabi- 
nets. A 24-hour broth culture of Esch- 
erichia coli and a 96-hour culture of Bacillus 
svbtilis were used as test organisms. Natu- 


rally and artificially contaminated glasses 
exposed for varying lengths of time, showed 
consistent reduction in number of bacteria, 
although sterile glasses were not always 
produced. 

Suspensions of the test organisms spread 
on sterile slides and exposed to the ultra- 
violet rays showed approximately the same 
degree of reduction as did the glasses. Ef- 
fectiveness of the exposure varied with the 
initial number of organisms, and with the 
type of cabinet used. 

Bacteriological Control at Anheuser- 
Busch, Inc. John B, Rehm, Anheuser- 
Busch, Inc., St. Louis, Mo. 

The bacteriological problems encountered 
in production of various products and the 
methods used in solving these problems were 
discussed. Corn syrups, starches, beer, 
pharmaceutical yeasts and yeast concen- 
trates, malt syrups, and other products were 
briefly considered. Air examination by 
means of the Wells Air Centrifuge and 
microbiological procedures for assay of vita- 
min products received special attention. 

The Commerctal Production of Baker’s 
Yeast. D, F. Sager, Anheuser-Busch, 
Inc., St. Louis, Mo. 

The manufacture of Baker’s Yeast was 
traced from its beginning as a laboratory 
culture through the various steps of com- 
mercial production. A motion picture de- 
picting the process accompanied the dis- 
cussion. 
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STUDIES OF BACTERIA FROM FERMENTING EGG WHITE AND 
THE PRODUCTION OF PURE CULTURE FERMENTATIONS^ 

L. S. STUART AKD HARRY E. GORESLINE 

Agricultural Chemical Reeearch Division, Bureau of Agricultural Chemistry and 
Engineering, U. S, Department of Agriculture, Washington, D, C. 

Received for publication April 3, 1942 

In a previous study (1942) an investigation was made of the bacterial and 
chemical changes taking place during the natural fermentation of egg white, a 
preliminary step in the commercial processes for preparing dried egg albumen. 
This study established rather conclusively that predominance of bacteria of 
either the Aerobacter or Escherichia genus is necessary from the standpoint of the 
production of a high quality dried albumen from naturally fermented egg white. 
Other bacterial types were occasionally encountered in experimental laboratory 
fermentations but it was found that when species of Proteus or Pseudomonas 
were present in large numbers during such fermentations, a dried albumen of 
inferior quality was usually obtained. 

The cultures isolated in this investigation have been studied more thoroughly 
with the object of confirming the tentative classifications originally made, and 
determining their effects on sterile egg white in pure culture. 

The results of microscopic and cultural studies on twenty strains tentatively 
classified in the genus Aerobacter are given in Table 1. 

From the data given in this table it appears that 12 of these cultures are strains 
of the species Aerobacter aerogenes (Bergey, 1939). They produce acid and gas 
from glycerol and do not liquefy gelatin. Seven strains were motile and five were 
non-motile. Eight strains were encapsulated. They all fermented glucose, man- 
nose, and galactose, the three sugars known to be present in egg white. They 
also fermented sucrose, maltose, arabinose, raffinose, cellobiose, mannitol and 
starch, although six strains failed to ferment dulcitol. They all brought about 
acid coagulation in litmus milk and produced nitrites from nitrates. Only one 
strain produced indole in tryptone broth. 

The remaining eight strains may also be Aerobacter aerogenes since they are not 
exactly typical of the other species in this genus, namely, Aerobacter cloacae (Ber- 
gey, 1939). They do not liquefy gelatin. Neither do they ferment glycerol, 
starch or dulcitol. They are all actively motile by virtue of peritrichous flagella 
and none have capsules. It is believed, therefore, that they resemble Aerobacter 
cloacae more closely than Aerobacter aerogenes and should be classified as strains 
of the former. All eight ferment glucose, mannose and galactose, with the pro- 
duction of acid and gas, fully as vigorously as the 12 typical strains of Aerobacter 
aerogenes. 

The results of similar studies with 13 isolations tentatively classified as belong- 
ing to the genus Escherichia are given in table 2. 

^ Agricultural Chemical Research Division Contribution no. 63. 
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The data recorded in table 2 show that all 13 strains of this group utilized 
citric acid as a sole source of carbon. Only one produced gas in Eijkman’s broth 
at 45®C. This particular culture did not produce indole in tryptone broth. 
Seven of the 13 strains did produce indole and nine of them produced acetyl- 
methyl-carbinol. The production of acetyl-methyl-carbinol is not commonly 
encountered with methyl-red positive cultures but has been reported by Parr 
(1938) for strains of Escherichia frumdii. Three of the 13 strains had well- 
developed capsules. All were motile. There would seem to be little doubt that 
all of the 13 cultures should be classified as strains of Escherichia freuvdii. It 
should be noted that all strains fermented glucose, mannose and galactose. 

One surprising feature of these studies was the absence of true fecal types of 
the Escherichia genus in this group. These investigations were not extensive 
enought to say at this time that these species are consistently absent in naturally 
fermented egg white; it is possible that under conditions resulting in this fermen- 

TABLE 1 


Aerohacter group ^ colonies on eosin-methylene-blue agar consisterUly of the Aerohacter typSf 
non-spore^formingf gram-negative, short rods* 


SPECIES 

FLAGELLA 
STAIN GXAY'S 

MOTIUTy 

BANGING 

DlOP 

CAPSULE 

STAIN 

AN- 

tbony’s 

GLYCEXOL 

BXOIH 

staech 

BIOTH 

OULCITOL 

BROTH 

INDOLE 

TEST 

A. aerogenes (12 cultures) 

Not made 

7+ 

8+ 



6-h 

1 + 



5- 

4- 

+ 

+ 

6- 

11- 

A, cloacae (8 cultures) 


-f 

- 

- 

- 

- 

- 


* All cultures fermented lactose with the production of acid and gas, utilized citric acid 
as the sole source of carbon; were methyl-red negative, Voges-Proskauer positive, reduced 
nitrates, produced an acid curd in litmus milk and a yellowish growth on potato slants. 
They fermented with the production of acid and gas, glucose, mannose, galactose, maltose, 
sucrose, cellobiose, raffinose, arabinose and mannitol broths. 

tation they are completely overgrown by the strains of Citrohacter {Escherichia 
freundii) and Aerohacter. This possibility is being investigated. 

Five cultures were isolated that were tentatively classified as belonging to the 
genus Proteus. Further studies on these organisms have failed to reveal clearly 
the exact species with which they should be identified. However, the results 
obtained tend to confirm the initial presumption that they resemble the genus 
Proteus more closely than any other genus now recognized. The results of these 
studies are given in table 3. 

The data shown for the five strains would indicate that there may exist a here- 
tofore undescribed group of organisms intermediary between Aerohacter and 
Proteus, for all five cultures have characteristics in common with both genera. 
In appearance, their agar colonies and their growths on agar slants resemble 
Aerohacter cloacae. They produce acetyl-methyl-carbinol, a characteristic more 
commonly associated with Aerohacter than Proteus. TWs property has been 
assigned to Proteus hombycis, a species listed in the appendix, for the genus Pro- 
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teu8y in Bergey's Manual (1939), but, unlike Proteus bombycis, these cultures do 
not have well-defined capsules. All five of the strains fermented mannitol, 
although two of them did not produce gas. Since they also ferment sucrose it 
may be that they should be identified as strains of Proteus hydrophilus or Proteus 
ichthyosmius] however, they did not produce indole in tryptone broth, or fishy 
odors in milk, and did not grow on potato slants according to the descriptions 

TABLE 2 


Escherichia group ^ colonies on eosin-methylene-hlue agar originally coli-likef non-spore 
forming f gram-negative y short rods* 


spsass 

CAPSULE STAIN ANTHONY’S 

EIJK- 

IfANS 

BEOTB 

AT45®C. 

VOGES-PEOSKAUER 

TEST 

INDOLE 

TEST 

DDL- 

CITOL 

BROTH 

1 

STARCH 

BROTH 

E, freundii (13 cultures) 

3-encapsulated 


8-f 






12- 

1 weakly -f 

7+ 

6-t- 

6+ 


lO-no capsules found 

1+ 

4- 

6- 

8- 

8- 


* All cultures appeared to be actively motile in hanging drop, fermented lactose pro- 
ducing acid and gas, utilized citric acid as a sole source of carbon, reduced nitrates and 
were methyl-red test positive. None liquefied gelatin. They all produced an acid curd 
in litmus milk and abundant yellow growths on potato slants. All produced acid and gas 
in glucose, mannose, galactose, sucrose, maltose, cellobiose, raffinose, arabinose, mannitol 
and glycerol broths. 


TABLE 3 

Proteus group y pleomorphic, actively motile, gram-negatiue rods, fermenting 
glucose and sucrose hut not lactose* 


SPECIES 

GELATIN 

STAB. 

VOGES- 

PROSKAUER 

METHYL RED 
TEST 

MANNITOL 

BROTH 

OAIACTOSE 

BROTH 

MANNOSE 

BROTH 

ARABINOSE 

BROTH 

^RAFFINOSE 

BROTH 

GLYCEROL 

BROH 

SALICIN 

BROTH 

Proteus 

3-inf undi- 

3+ 

3- 

3-f- with 

3-f with 

3-f with 

2- 

2- 

1-f with 

2-f with 

sp. (5 

buliform 

2 weakly 

2+ 

acid 

acid 

acid 

2-f with 

3-f Math 

acid 

acid A 

cul- 

and 2- 



and 

and 

and 

acid & 

acid 

and 

gas 

tures) 

strati- 



gas 

gas 

gas 

gas 

and 

gas 

3-f MJith 


form liq- 



2+ with 

2+ with 

2-f with 

1-f with 

gas 

4-f Math 

acid 


quefac- 



acid 

acid 

acid 

acid 


acid 

but no 


tion 



but no 

but nOj 

but no 

but no 


but no 

gas 





gas 

gas 

gas 

gas 


gas 



* All cultures showed peritrichous flagella with Gray’s stain and produced pearl white spreading growths on agar 
plates and slants and creamy white spreading growths on potato slants. They all decomposed urea> reduced nitrates, 
and were indole negative. None showed capsules with Anthony’s stain or fermented dulcitol broth. All decolorised 
and peptonised litmus milk and fermented maltose broth with the production of acid and gas. 


given for these species. Two of the cultures did not ferment arabinose, raffinose, 
or dulcitol. The other three fermented arabinose and raffinose but not dulcitol. 
All five fermented glucose, mannose and galactose. 

Two strains of Serratia were isolated. These possessed all of the characteris- 
tics assigned to Serratia marcescens. The results of the studies on these two 
isolations, along with data compiled on a number of strmns of Pseudomonas of 
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the fluorescent type isolated also from samples of fermenting egg white, are given 
in table 4. 

From table 4 it can be seen that there were quite a diverse number of species of 
the genus Pseudomonas encountered. The strains listed represent only those 
isolations made at the conclusion of the periods employed in experimental fer- 
mentations. If the isolations made from all lots of freshly broken-out egg whites 
studied had been listed here, the diversification of species would have reached 
formidable proportions. Species of this genus seem to be very prevalent in egg 

TABLE 4 


SerraUa and Pseudomonas group, gram-negative motile rods {usually occurring 
singly) or cocco-bacteria, indole negative 


PSOBABLB 

SBBCXE8 

AOAX SLANT 

OKLATIN STAB. 

uncus MILK 

NI- 

TRATE 

BZ- 

DUC- 

TXON 

GLUCOSE BROTH 

POTATO SLANT 

nUORESCBNCB 
IN ULTRA- 
VIOLET LIGHT 
WHEN GROWN 
IN STERILE 
EGG WHITE 

Serratia maroes* 
ens* (2<cultureB) 

2 bright fuc- 
sin color 

2 infundibuli- 
form lique- 
faction 

2 acid curd 

2+ 

2-1- (add but 
no gas) 

Profuse dark 
red 

2~ 

Pseudomonas 
ovslist (2-cul- 
tures) 

1 greyish 
white, 1 
greenish 
white 

2 no liquefac- 
tion 

2 slight alka- 
line curd 

2- 

2- 

1 dirty white 
1 srellow to 
brown 

I-f (blue), 
l-b (blue 
green) 

Pseudomonas 

2 olive green 

2 infundibuli- 

2 slight alka- 

2+ 

2-1- (acid but 

1 yellow to 

2+ (bright 

fluoresoenst 

(2-oulture8) 

to white 

form lique- 
faction 

line curd 


no gas) 

brown, 1 

dirty 

cream 

green) 

Pseudomonas 

aeruginosat 

(l-culture) 

Olive green 

Infundibuli- 
form lique- 
faction 

Acid curd pep- 
tonised 

+ 

-\r (acid but no 

gas) 

Yellow 

-f (bright 
green) 

Pseudomonas 

Greenish 

Saccate lique- 

Alkaline curd 

— 

-f (acid but no 

Brown to or- 

-f- (bright 

jaegerit (1- 
culture) 

white 

faction 

peptonised 


gas) 

ange 

green) 

Pseudomonas 

Greenish 

No liquefac- 

Coagulated 

+ 

Pigment crys- 

Brown to or- 

-1- (bright 

chlororaphist 

(1-culture) 

white 

tion 

with green 
pellicle 


tals pro- 

duced 

ange 

green) 

Pseudomonas 
sohuylkillien- 
sist (l-cul- 
ture) 

Bluish white 

Stratiform 

liquefaction 

Alkaline curd 
peptonized 


+ (add but 

no gas) 

Orange to 
brown 

-b (blue 
green) 


* Peritrichous flagella with Gray’s stain, 
t Polar flagella with Gray’s stain. 


white separated from storage eggs and a description of the various species en- 
countered appears to be a task far too large to be included herein. 

Since it is quite easy, with freshly laid eggs, to obtain sterile egg white in any 
quantity desired, if asceptic technique is employed in breaking the shell and 
separating the white from the yolk, a study was made to determine the changes 
in sterile egg white brought about by representative strains of the groups of 
cultures listed in tables 1, 2, 3, and 4. 

These fermentations were carried out with 250 ml. quantities of sterile egg 
white in individual sterile glass jars of 500 ml. capacity. Inoculations were made 
from 48-hour starter cultures growing in sterile tubes of egg white at 30®C. Di- 
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lution plate counts were made on the starter cultures at the time of inoculation, 
using glucose agar. By using this count and the volumes of starter added, it is 
possible to calculate the approximate number of bacterial cells per ml. at the 
beginning of the fermentation period. This, of course, makes it possible to deter- 
mine the influence of the size of the inoculum on the rate of fermentation by any 
selected strain of bacteria. 

Using a selected strain of Aerobacter aerogenes five different volumes of inocula 
were employed and samples were removed aseptically at periodic intervals during 
168 hours of incubation at 30°C. for pH measurements, sugar determinations by 
the method of Stiles, Peterson and Fred (1926) and formol titrations for com- 
bined amide and amino nitrogen. 

1 INITIAL COUNT OF AEROBACTER AEROGENES IA400 PER ML 

2 » (• •• M M 62,000 •• » 

3 •• II II II •• 164,000 •• •• 



TIME IN HOURS TIME IN HOURS TIME IN HOURS 

pH SUGAR FORMOL NITROGEN 


Fig. 1. Changes over the Incubated Sterile Control in Egg White Inoculated with 
Varying Numbers of Cells of Aerobacter Aerogenes 

The rate and extent of change in pH, sugar, and formol nitrogen in these 
inoculated samples was determined by comparing the values found in these 
determinations at the different time intervals with the values obtained at the 
corresponding time intervals for incubated sterile control samples. The calcu- 
lated deviations from the control are presented graphically in figure 1, in which 
values for the control are indicated by 0. 

From figure 1 it can be seen that the rate of change in pH is directly propor- 
tional to the number of cells of Aerobacter aerogenes present at the beginning of 
the incubation period. With an initial count of 820,000 cells per ml., there is a 
change in pH of 3.0 in 72 hours; with 410,000 cells per ml., 96 hours are required 
for a change of a comparable size; with 164,000 cells 120 hours are required; with 
82,000 cells 120 hours; and with 16,400 cells 144 hours. There is a subsequent 
change in the opposite direction in pH with each inoculated sample and the 
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amount of this change at the 168-hour interval appears also to be directly pro- 
portional to the number of cells initially present and thus directly proportional 
to the initial rate of change in pH. 

The changes in sugar content over the uninoculated control parallel very 
closely the changes in pH with each sample. Thus, the rate of sugar utilization 
is also directly proportional to the number of bacteria initially present. That is, 
the larger the inoculum, the more rapid the utilization of the available sugar. 
The term ^'available sugar” is used here since it would appear that not all of the 
sugar is removed by the bacteria. The amount of sugar appears to decrease 
only to a relatively low constant level. 

No changes in the formol nitrogen titration values over the sterile incubated 
control sample were found during the initial stages of fermentation. However, 
changes did occur in the latter stages of the fermentations and the extent of these 
appears to be directly proportional to the increase in the pH values after the 
available sugar had been utilized. Thus, it appears that the amount of change 
in the combined amide and amino nitrogen in 168 hours is directly related to the 
initial rate of fermentation. 

Practically no measurable changes occurred in the sterile control egg white 
incubated for 168 hours. Dilution plates made from this control white at the 
168-hour period showed that some slight contamination had occurred during 
sampling since there was a count of 213 bacteria per ml. at that time. This 
figure is the average figure for three one-ml. platings. It would appear, however, 
that this contamination was not great enough to have had any appreciable bio- 
chemical significance. 

A study similar to the one just described was made to determine comparatively 
the magnitude and rate of change in sterile egg white brought about by substan- 
tially the same numbers of cells of Aerobacter aerogenes, Escherichia freundii, 
Serratia marcescens, Proteus sp. and Psevdomonas aeruginosa when added in pure 
culture. 

By comparing the values obtained with the inoculated samples of egg white for 
pH, sugar and formol nitrogen with those found for sterile, uninoculated, incu- 
bated control egg white, comparative values were obtained for the five organisms 
with regard to the extent and rate of change brought about in the egg white. 
The deviations from the control are presented graphically in figure 2, for each 
organism in which values for the control are indicated by 0. 

From figure 2 it can be seen that the number of cells present at the beginning 
of the fermentation period was, within the range of experimental error in dilution 
plate coimting, the same for all of the five species of bacteria employed in this 
study. 

From this figure it is apparent that the change in pH with Escherichia freundii 
is somewhat greater and more rapid than with Aerobacter aerogenes. The extreme 
change produced (in 96 hours) tended to persist longer in the case of Escherichia 
freundii than in the case of Aerobacter aerogenes. Sugar utilization on the other 
hand appeared to be as great although somewhat slower with Aerobacter aerogenes 
than with Escherichia freundii. It is probable, therefore, that more of the sugar 
was converted into gas with the former organism than with the latter. There 
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was no significant change in the formol nitrogen values with either of these organ- 
isms within 120 hours. 

With the other three organisms the pH changes over the control sample were 
neither so rapid nor so great as those brought about by Aerobacter aerogenes and 
Escherichia freundii. Sugar utilization was not so complete nor so rapid. There 
were pronounced changes in the formol nitrogen values as early as 24 hours with 
Serratia marcescens, 48 hours with Proteus sp» and 48 hours with Pseudomonas 
aeruginosa. With Serratia marcescens and Proteus sp, the amounts of combined 
amide and amino nitrogen continued to increase rapidly and were apparently still 
on the increase at the conclusion of the incubation period, or at 120 hours. 
However, with Pseudomonas aeruginosa the formol nitrogen value increased up 
to the 72-hour period and apparently remained constant thereafter. 

A-AEROBACTCR AEROGENES 
B- ESCHERICHIA FREUNOII 
C- SERRATIA MARCESENS 
O- PROTEUS .SP. 

E- PSEUDOMONAS AERUGINOSA 



TIME IN HOURS TIME IN HOURS TIME IN HOURS 

pH SUGAR FORMOL NITROGEN 


Fig. 2. Changes over the Incubated Sterile Control in Egg White Inoculated with 
Comparable Numbers of Bacterial Cells of Various Bacterial Species 

The changes in pH and sugar values and formol titrations with egg white 
brought about by pure cultures of Aerobacter aerogenes and Escherichia freundii 
are the same as those found previously for naturally fermenting egg white. There 
can be no doubt, therefore, that these are the important organisms from the 
standpoint of normal, natural commercial fermentations. 

SUMMARY 

1. Twenty strains of bacteria isolated from fermenting egg white and previ- 
ously identified as belonging to the genus Aerobacter were studied with the objec- 
tive of establishing species identity. Twelve of these 20 isolations have been 
shown to be strains of Aerobacter aerogenes. The remaining eight strains were 
found to resemble Aerobacter cloacae more closely than Aerobacter aerogenes al- 
though they do not conform exactly with the descriptions given for either species. 

2. Thirteen isolations from fermenting egg white previously identified as 
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belonging to the genus Escherichia have been shown through similar studies to be 
strains of Escherichia freundii. 

3. Five isolations tentatively classified as belonging to the genus Proteus have 
not been identified with any recognized species since the results of microscopic 
and cultural studies do not clearly conform with the characteristics listed for 
recognized species. 

4. Two red chromogenic isolations were studied and found to be strains of 
Serratia marcescens, 

6. Eight isolations tentatively classified as belonging to the genus Pseudo- 
monas have been studied and given tentative species identifications. Two were 
identified as strains of Pseudomonas ovalisy two as strains of Pseudomonas fiuo- 
rescens, one as Pseudomonas aerugirwsa^ another as Pseudomonas ja^geri^ another 
as Pseudomonas chlororaphis and the other as Pseudomonas schuylkiUensis. 

6. Lots of sterile egg white inoculated with varying numbers of cells of a 
selected strain of Aerobacter aerogenes fermented similarly to natural normal 
fermentations and the rate of fermentation was directly proportional to the 
number of bacterial cells added in the inoculum. That is, as the size of the 
inoculum increased, so did the rate of fermentation. In this study the course of 
fermentation was followed by pH measurement, sugar determinations and formol 
titrations, made at periodic intervals of time. 

7. Sterile egg white inoculated with a selected strain of Escherichia freundii 
fermented in the same manner as sterile egg white fermented with Aerobacter 
aerogenes. The minor differences observed were a tendency for Escherichia 
freundii to produce add more rapidly and maintain a lower pH longer than 
Aerobacter aerogenes. 

8. Sterile egg white samples inoculated with selected strains of Serratia mar- 
cescens, Proteus sp., and Pseudomonas aeruginosa and allowed to ferment did not 
show changes in pH, sugar content and formol titration values corresponding to 
normal natural fermentations. Decreases in pH and sugar content were neither 
so great nor so rapid as with Aerobacter aerogenes and Escherichia freundii. On 
the other hand, the fermentations with all three of these organisms were charac- 
terized by rapid and marked increases in the amount of formol nitrogen, indicat- 
ing strong proteolytic action on the part of these species. 
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The idea that some organisms may have the ability to establish themselves 
and thrive within both plant and warm-blooded-animal tissues has received the 
attention of comparatively few workers. The vast gulf between the two forms 
of life, in structure, composition, and many environmental factors, has seemed 
to preclude the thought that both could be favorable hosts to the same organism. 
Nevertheless, attempts have been made to show that such a dual pathogenicity 
can occur. 

The most striking results were obtained by Benham and Kester (1932) using 
the fungus Sporotrichum, Employing strains isolated from both animals and 
plants, they found a few which would attack members of both kingdoms. The 
organism, S. schenckit, causing the human disease was transmitted to carnation 
and rose buds producing a rot similar to that caused by S. poae. After living 
saprophytically or parasitically in plants, S. schenckii retained its virulence for 
animals. In order to insure infection, however, it was necessary to provoke 
some slight injury before or at the time of the fungus injection. Ciferri and 
Baldacci (1934) inoculated 22 human pathogenic fungi and one insectivorous 
fungus into tomato fruits and found 18 that gave positive infection. They 
considered that their work not only confirmed that of Benham and Kester, but 
furnished additional evidence as regards the adaptability of human pathogens 
to plant hosts. 

With bacterial pathogens less positive results have been obtained. Baldacci 
and Ciferri (1934) found two of 23 organisms of human source able to produce 
some evidence of infection in tomato fruits. These organisms were Proteus 
vulgaris and Bacillus pyocyaneus. In neither case was the infection severe, nor 
did it approach the type usually associated with the apical rot of this fruit. 

Pseudomonas aeruginosa (B. pyocyaneus) has been a recognized human patho- 
gen for a good many years. Its most distinguishing feature is the formation of 
the diffusible, chlor oform-solubl e, blue ^ment, pyocya nin. This organism 
is widely distribute in nature, usually as a harmless saprophyte. On occasion, 
however, it can become a dangerous pathogen. Generally, it appears as a 
secondary invader and is often associated with suppurative lesions of various 
parts of the body. There are, nevertheless, numerous instances wherein it has 
been shown to be the primary cause of a fatal infection in man and other animals. 
Experimentally many domestic animals, rabbits, goats, mice, and guinea pigs 
are susceptible to infection. The animal pathogenicity of the organism is, there- 
fore, a well established fact. 

1 This paper was presented in part on December 29, 1941, before the Society of American 
Bacteriologists in Baltimore. 
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Scattered throughout the literature are reports concerning the pathogenicity 
of jP. aeruginosa for plants. For the most part, these accounts have not consisted 
in a systematic attempt to prove the actual phytopathogenicity of the organism. 
Rather, they are instances concerning the isolation of the bacterium from plant 
pathological conditions. 

Verona and Passinetti (19Q6) obtained slight infection with B. pyocyaneus and 
Bacillus fluorescens-liquefaciens in lettuce. In each case, however, infection 
occurred only in plants injured by frost. Paine and Branfoot (1924) described 
a disease of lettuce caused by a bacterium which they concluded was identical 
with Bacterium marginals. A short time later, in the same laboratory, Mehta 
and Berridge (1924) pointed out that on the basis of morphological and cultural 
characteristics B. marginals was identical with B. pyocyaneus. The latter was 
shown to be capable of attacking young lettuce leaves and producing disease 
similar to that due to B. marginals. 

Brooks, Nain, and Rhodes (1925) utilized the B. marginals culture obtained 
from Mehta in a serological comparison with B. pyocyaneus isolates of animal 
origin. In 5 Bnii-pyocyaneus sera B. marginals failed to agglutinate, nor did 
any of the 11 B. pyocyaneus organisms agglutinate in the B. marginals antiserum. 

Desai (1935) described an organism producing a soft-rot of sugar cane which 
caused extensive damage in India. To this organism he gave the name ^^B. 
pyocyaneus saccharum*^ {Phytomonas dexaioma) and pointed out its apparent 
close relationship to B. pyocyaneus. He found that his organism was associated 
with a saprophyte and that the two organisms together produced greater infec- 
tion than the pathogen itself. 

In this coimtry Clara (1934) included a single isolate of B. pyocyaneus in his 
study of the green-fluorescent plant pathogens. This culture did not prove to be 
pathogenic for the plants tested. 

It is evident that the phytopathogenic nature of Pseudomonas aeruginosa has 
not previously been well established. However, our concern in the problem 
was initiated indirectly. In the course of a serological study of the green- 
fluorescent group of bacterial plant pathogens, it was found that one organism, 
Phytomonas polycolor, was extremely virulent for small laboratory animals 
(Elrod and Braun, 1941). The suspicion arose at that time that the bacterium 
we were dealing with was in reality P. aeruginosa. Subsequent experiments 
reported here have shown this to be true. With this fact established, we then 
believed it expedient to reinvestigate the phytopathogenic potentialities of P. 
aeruginosa. This report concerns such experiments, as well as those which 
demonstrated P. polycolor to be identical with P. aeruginosa. 

CULTURES EMPLOYED* 

The P. aeruyinasa cultures used in this work were selected as representing a 
wide range of original habitats. Emphasis has been placed on cultures derived 
from animal sources, either normal or pathological. 

* The writers are indebted to Dr. W. H. Burkholder, Miss Helen Knott, and Mr. Ed. 
Adams for supplying some of the cultures used. 
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Glly received as P. polycohr. The animal pathogenicity of this isolate .was 
thoroughly investigated (Elrod and Braun, 1941). Produces an abundance of 
pyocyanin on glycerol-peptone agar after several days’ incubation. 

PP2y received as P. polycolor. Produces only small amounts of pigment at 
first; this property greatly enhanced by growth on glycerol-peptone agar. 

Those known to be P. aeruginosa were: 

Rab.y isolated from a lung abscess in rabbit. Produces an abundance of 
pyocyanin on virtually all media. 

Ky,y stock culture from University of Kentucky. Atypical in that pyocyanin 
formation is overshadowed by the production of a brownish-black pigment. 

Chick, y isolated from the ovary of a chicken with a primary Salmonella pullorum 
infection. A strong pigment producer. 

W,y from intestinal tract of a normal man. A strong pyocyanin former. 

Chi,y originally from stock collected of University of Chicago via Ohio State 
University. Produces a light emerald green pigment. 

OSUy stock culture from Ohio State University. A mediocre pyocyanin pro- 
ducer. 

Birk.y isolated from a middle-ear infection. A brilliant pigmenter. 

RIHy isolated and suspected in gastro-enteric disturbance. Produces a large 
amount of pyocyanin. 

Aly ASy all isolated from water. Form deep blue pigment on virtually 
all media. 

97, 256, 257, 260, originally from the A.T.C.C. all derived from pathological 
lesions. These cultures produce no pyocyanin and but little fluorescin. 

Our 17 isolates were all fatal to mice by intraperitoneal injection. Usually 
.05 ml. of an 18-hour broth culture was sufficient to kill the mouse in 12 hours. 
Those tested against rabbits and guinea pigs also proved to be fatal. In each 
case a bacteremia resulted and the organism was always cultivable in pure cul- 
ture from the heart’s blood. Previous experiments (Elrod and Braun, 1941) have 
shown that there is a definite multiplication of P, polycolorm the infected animals. 

IDENTITY OF PHYTOMONAS POLYCOLOR WITH PSEUDOMONAS AERUGINOSA 

P. polycolor was isolated and described by Clara (1930) as being the etiological 
agent of an economically important disease of tobacco prevalent in the Philip- 
pines. In the field and experimentally the organism produced a severe leaf 
spotting and necrosis, while in the seed beds it very often manifested itself as a 
soft-rot in the stems of young plants. 

This species differs in many respects from the ordinary members of the green- 
fluorescent group of phytopathogenic bacteria. The two cultures in our posses- 
sion (Gll and PP2) produce large amounts of pyocyanin. The pyocyanin is 
easily extracted after several days’ incubation from either broth or agar slope 
cultures with chloroform. Pyocyanin formation is greatly enhanced by growing 
the culture on glycerol-peptone agar. Clara (1930), in his original description 
of the organism, noted this blue coloration on glycerol agar, but in a later com- 
parative study (Clara, 1934) of certain members of the plant group failed to 
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isolate pyocyanin. According to Gessard, who is supported in this by Meader, 
Robinson, and Leonard (1926), the presence of pyocyanin is sufficient to identify 
an organism as B. pyocyaneiLS, Clara noted, as we have, that the organism grows 
more luxuriantly at 37®C. than at lower temperatures. 

In an attempt to understand more fully the relationship between P. polycolor 
and P. aeruginosa^ biochemical and serological studies were made. The carbo- 
hydrates used in the fermentation studies were incorporated in a S3mthetic 
medium to prevent any obliteration of acid formation by these strongly pro- 
teolytic organisms. This medium was made up of 0.2 g. magnesium sulfate, 
0.1 g. calcium chloride, 0.2 g. sodium chloride and 0.2 g. dipotassium phosphate 
per liter. Incubation was conducted at both 37®C. and at room temperature. 

TABLE 1 


Biochemical reactions of Phytomonas polycolor and Pseudomonas aeruginosa 


OSOANXSM TESTED 

GLUCOSE 

SUCROSE 

MANNI- 

TOL 

GLYC- 

EROL 

SALICIN 

RAFFI- 

NOSE 

XYLOSE 

ARABI- 

NOSE 

MAL- 

TOSE 

INDOLE 

GELATIN 

Gll 

A 








A 

A 





+ 

PP2 

A 

— 

— 

— 

— 


A 

A 

— 

— 

4- 

Rab 

A 

— 

— 

— 

— 

— 

A 

A 

— 

— 

H- 

Birk 

A 

— 

— 

— 

— 

— 

A 

— 

— 


+ 

Chick 

— 

— 

— 

— 

— 

— 

A 

— 

— 


+ 

97 

A 

— 

— 

— 

— 

— 

A 

A 

— 


■f 

260 

— 

— 

— 

— 

— 

— 

A 

A 


— 

+ 

257 

A 

— 

— 

— 

— 

— 

A 

A 

— 

— 

+ 

266 

A 

— 

— 

— 

— 


A 

— 

— 

— 

-f- 

W 

A 

— 

— 

— 

— 

— 

A 

A 

— 


+ 

Al 

A 

— 

— 

— 

— 


A 

— 

— 

— 

4- 

A2 

A 

— 


— 

— 

— 

A 

A 

— 

— 

4- 

A3 

— 

— 

— 

— 

— 

— 

A 

A 

— 

— 

+ 

Chi 

A 

— 

— 

— 

— 

— 

A 

A 

— 

— 

4- 

OSU 

A 

— 

— 

— 

— 

— 

A 

A 



4- 

Ky 

A 

— 

— 

— 

— 

— 

A 

A 

— 

— 

4- 

RIH 

A 

— 

— 

— 

— 

— 

A 

A 

— 

— 

+ 


A, acid formed; — , no visible change; -f, gelatin liquefied. 


As one can see in table 1, glucose, xylose, and arabinose were fermented with 
the formation of acid only by almost all of the organisms. Sucrose, mannitol, 
maltose, glycerol, salicin, and raffinose were not acted upon. Indole was not 
formed, but gelatin was rapidly liquefied. The latter two reactions are consid- 
ered characteristic of P. aeruginosa. 

There is considerable difference of opinion among various authorities as to 
the actual fermentative capacity of P. aeruginosa, Moltke (1927), using 4 
isolates, concluded that none of the more common carbohydrates were fermented ; 
Bergey et al, (1939) evidently adhere to this belief. Other writers, Zinsser and 
Ba 3 me-Jones (1939), Topley and Wilson (1931), and Sandiford (1937) agree that 
^ucose is attacked. Whatever the fermentative abilities of the bacterium, it 
must be admitted that our 15 isolates of P. a£rugvnosa and 2 of P. polycolor are 
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in close agreement. Clara (1934) found his isolate of P. polycolor far more 
saccharolytic than is shown by our studies. According to him, glucose, galac- 
tose, levulose, mannose, arabinose, xylose, mannitol, and glycerol were all fer- 
mented. At the same time, however, the P. aeruginosa culture he utilized 
fermented all of these carbohydrates, as well as salicin. In the original descrip- 
tion of the organism (Clara, 1930) xylose, arabinose, glucose, and mannose were 
said to be the only sugars fermented. This is similar to the results reported here. 

The antigenic characteristics of P. aeruginosa are likewise in a state of con- 
fusion. It is generally agreed by most authorities that the species is serologi- 
cally heterogeneous. Aoki (1926) using 50 isolates concluded, on the basis of 
agglutination tests, that the organisms were antigenically dissimilar. He em- 


TABLE 2 
Agglutination tests 


OROAMISM 

AOOLUTINATSD 

SERA PREPARED AGAINST: 

Birk. 

257 

Gll 

Rab. 

Birk 

3200* 

<100 

<100 

<100 

A2 

3200 

<100 

<100 

<100 

Chick 

3200 

<100 

<100 

<100 

A3 

3200 

<100 

<100 

<100 

W 

3200 

<100 

<100 

<100 

A1 ' 

1600 

<100 

<100 

<100 

OSU 

1600 

<100 

<100 

<100 

RIH 

<100 

<100 

<100 

<100 

257 

<100 

3200 

25600 

25600 

260 

<100 

3200 

25600 

12800 

PP2 1 

<100 

1600 

25600 

12800 

Gll 

<100 

1600 

25600 

25600 

97 

<100 

3200 

25600 

25600 

Chi 1 

<100 

3200 

25600 

25600 

Rab 

<100 

3200 

25600 

25600 

266 

<100 

3200 

25600 

25600 

Ky 

<100 

<100 

12800 

6400 


• Titers indicated as reciprocals. 


ployed 37 antisera and found that 22 separate groups were formed; some of 
these groups had but a single member, the largest 10. 

Header, Robinson, and Leonard (1925), by means of agglutinin-adsorption, 
stated that the B. pyocyaneus group was serologically uniform. They found 
wide variations in agglutinability in different sera, but adsorption with any of 
the isolates brought about complete reduction in both homologous and heterol- 
ogous reactions. 

In our study antisera were prepared against one isolate of P. polycolor (Gll) 
and 3 of P. aeruginosa (Birk., Rab. and 257). Agglutination tests were per- 
formed with these 4 immune sera and the 17 isolates available. It is to be 
observed in table 2 that there are two large groups demonstrable. Included in 
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the first group are those organisms which agglutinate in only anti-Birk. serum, 
but in none of the other three sera. This group includes: A2, OSU, Chick., A3, 
W, Al, and Birk. In the second group are those organisms which failed to 
agglutinate in Birk. antiserum but agglutinated in each of the other three sera. 
Rab., 260, 97, Chi., 256, 267, Gil, and PP2 comprise this group. Only two 
organisms fall outside of these two groups. The isolate RIH seems more closely 
allied to the first inasmuch as it failed to agglutinate in any of the sera, whereas 
Ky. appears closer to the second as it agglutinated strongly in both Gil and 
Rab. antisera but not in 257 antiserum. In each case the heterologous reactions 
were as strong, or nearly so, as the homologoiis. Complement fixation tests 
have confirmed every detail of the agglutination experiments. 

TABLE 3 


A ggluiinin-adsorption experiments 


OKGANISIC AG- 
GLUTINATED 

Gll ANTISERUM ADSORBED 
WITH 

257 ANTISERUM AD- 
SORBED WITH 

RAB. ANTISERUM ADSORBED 
WITH 

BIRK. ANTISERUM 
ADSORBED WITH 


Rab. 

257 

PP2 

Birk 

Gll 

PP2 

Birk. 

Gll 

257 

PP2 

Birk. 

Gll 

257 

Chick. 

257 

<100 

<100 

<100 

25600 

400 

800 

3200 

<100 

<100 

<100 

25600 

* 



260 

<100 

<100 

<100 

25600 

400 

800 

3200 

<100 

<100 

<100 

12800 




PP2 

<100 

1600 

<100 

25600 

<100 

<100 

1600 

<100 

3200 

<100 

12800 




Gll 

<100 

3200 

<100 

25600 

<100 

<100 

1600 

<100 

3200 

<100 

25600 




97 

<100 

<100 

<100 

25600 

800 

800 

1600 

<100 

<100 

<100 

25600 




Chi 

<100 

3200 

<100 

25600 

<100 

<100 

1600 

<100 

1600 

<100 

26600 




Rab 

<100 

3200 

<100 

25600 

<100 

<100 

3200 

<100 

3200 

<100 

26600 




266 

<100 

<100 

<100 

25600 

800 

800 

3200 

<100 

<100 

<100 

25600 




Ky 

<100 

1600 

<100 

1280 




<100 

1600 

<100 

6400 




Birk 












3200 

3200 

<100 

A2 












3200 

3200 

<100 

Chick 












3200 

1600 

<100 

A3 












1600 

3200 

<100 

W 












3200 

3200 

<100 

Al 












1600 

1600 

<100 

OSU 












1600 

1600 

<100 

RIH 
















* Blank ■> no agglutination . 


Agglutinin-adsorption tests have revealed that certain isolates are antigenically 
identical and others apparently so, but have failed to confirm the opinion of 
Meader et al. (1925) that by this method the group is serologically homogeneous. 
The results of the adsorption experiments are found in table 3. 

With the 4 prepared sera certain facts are evident. By reciprocal adsorption 
the P. aeiruginosa culture, Rab., and the P. polycolor isolate, Gil, are antigeni- 
cally identical. Likewise, the other strain of P. polycohr^ PP2, is serologically 
very close to these two organisms. Adsorption with this bacterium removes all 
the agglutinins from both Gll and Rab. antisera. That the Gll, Rab., 267 
agglutination group is very likely complex is demonstrated by the adsorption 
of Gll serum with 267 and the latter antiserum with Gll. In each case there 
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is a severe reduction in the homologous titer, but some residual agglutinins are 
left. Gll and Rab. apparently have factors in excess of those common to 257, 
and, at the same time, 267 has factors in excess of the other two. 

Adsorption with the non-agglutinating (in Gll and Rab. antisera) Birk. failed 
to remove any agglutinins, either homologous or heterologous. Likewise, ad- 
sorption of anti-Birk. serum by Gll and 257 did not reduce the titer for Birk. 
nor remove any of the heterologous agglutinins. 

The above adsorption experiments add evidence to the facts obtained from 
the agglutination and complement fixation studies. By them it is possible to 
demonstrate common antigenic factors, and at the same time the two serological 
groups are further emphasized. It is apparent that one of the groups (Gll 
Rab., 257, etc.) can be split still further by means of adsorption. The same may 
be true of the Birk. group. 

PHYTOPATHOGENICITY OP PSEUDOMONAS AERUGINOSA 

Inasmuch as P. polycohr had been isolated from tobacco, this plant became 
the choice in testing the phytopathogenicity Of our P. aentginosa cultures. We 
have produced on tobacco all of the symptoms described by Clara with certain 
of the P. aeruginosa isolates, as well as the two alleged P. polycolor organisms. 
Koch’s postulates can always be fulfilled in regard to these experiments. Clara 
(1934) with his one B, pyocyaneus strain failed to get infection on any of the 
plants he tested, including tobacco. 

Inoculation of the plants by needle puncture (both stem and leaves), leaf 
smears, and spraying were all effective to varying degrees. The most favorable 
method was that of the smear. The application of a loopful of a fresh agar slope 
culture to the surface of the leaf produced severe necrosis (fig. 3), followed by 
the destruction of the whole leaf. This technique was efficacious 100 per cent 
of the time and with all 17 isolates. A culture of P. fluorescens produced feeble 
lesions (easily distinguished from those caused by P. aeruginosa) by the smear 
method, but none by any other means. This “blunderbuss” method probably 
is most effective due to the amount of the inoculum used and to the transfer of 
certain toxic metabolites. Needle puncture iuoculations into the leaves of young 
plants produced lesions in about 40 per cent of the cases. Usually only the 
highly pigmented forms were active by this method. Stem punctures brought 
about a destructive soft-rot and wilt (fig. 2), typical of that seen in the seed beds 
by Clara (1930). Here again the pigmented forms were the most potent. 

Both smear and needle puncture inoculations, although accepted phyto- 
pathological techniques, are subject to criticism. In neither case can one be 
certain that the organisms are actually invasive. The ineflSiciency of the needle 
puncture technique compared with that of the smear method seems due both to 
the introduction of a smaller amount of inoculum and to a decrease of toxic 
products, both of which apparently aid in infection. The introduction of the 
inoculum by spraying obliterates these objections and at the same time serves 
as a better index of the invasiveness of the organism. In our hands (and in 
Clara’s) , however, spray inoculations have not proved especially effective. Nev- 
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ertheless, we have been able to produce the disease by this method (fig. 1). The 
efficiency of the method can be greatly increased by first water-soaking the 
leaves of the plant.’ In such water-soaked tissues infection took place readily 
and there was an active multiplication and spread of the bacteria. This re- 
sulted after 3 or 4 days in large, brown, necrotic areas. 

Clara clearly recognized the necessity of certain predisposing environmental 
factors before P. polycolor became excessively destructive. He was not able, 
however, to define these. We have found that a temperature of 22® to 25®C. 
(and probably higher), a highly humid atmosphere, as well as a water-soaked 
condition, are beneficial for the establishment and spread of the organisms in the 
tobacco plant. The phenomenon of water-soaking undoubtedly plays a major 
role in promoting a spread of the organisms under natural conditions. Braun 
and Johnson (1939) have observed extensive natural water-soaking due to 
internal pressures in tobacco plants grown in seed beds as well as in many other 
plant species during periods of high humidity and high soil moisture. Clayton 
(1936) has reported that water-soaking results under field conditions from the 
impact of hard-driven rain on the tobacco leaf surface. When these meteoro- 
logical conditions prevail, an epiphytotic can easily result. All these conditions 
do occur in the Philippines where damage resulting from this disease has been 
most severe. 

We have noted, as did Clara, that the lower leaves on the plant are the most 
easily infected; this is due in part to the greater ease with which these leaves 
become water-soaked. The disease in the field is probably spread by means of 
rain-splashed contaminated soil and plants. The susceptibility of the lower 
leaves aids, therefore, in the spread of the organism. 

The linking of B. marginal e to B. pyocyaneus by Mehta and Berridge (1924) 
prompted us to attempt infections of the plants attacked by B, marginale with 
our P. aerugirwsa isolates. This organism was originally isolated by Brown 
(1918) from lettuce. It usually manifests itself by a marginal wilt of the leaves 
and a progressive soft-rot. Red spots and streaks, not usually necrotic, are 
often scattered over the leaves. According to Dowson (1941), this organism 
is also effective in causing storage rots, and he lists the organism with the 
Erwinia carotovora group in this respect. He found potato, onion, and cucumber 
to be effectively attacked. 

Spray inoculations of lettuce by P. aeruginosa (certain isolates) produced the 
same type of rot and wilt that was held due to P. marginale (fig. 4) . The reddish 
spots were readily produced. It is our opinion that the red coloration is due to 
the formation of acid pyocyanin. Here again the pigmented forms were most 
effective. A large number of the cultures produced a rot of potato, cucumber, 
and onion seemingly identical with that ascribed to B. marginale. In these 
experiments sterile slices of the above-mentioned vegetables were inoculated by 

* Water-soaking refers to the injection or flooding of the intercellular spaces of plant 
tissues with water. This condition was induced artificially by us by either driving water 
into the stomata of plants with an atomizer or by the application of water under pressure 
to the root system or cut stem ends of tobacco plants. 
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smearing the culture. Incubation was carried out at room temperature for a 
week or more. The rot produced is very similar to that caused by E. carotovora 
but progresses more slowly. This action is very likely due to the liberation of 
protopectinase. 

Not all of the 17 isolates affect the plants, nor are the effects always the same. 
For the most part the highly pigmented organisms are the most infective. How- 
ever, pyocyanin isolated as the pure base has not evoked any of the symptoms 
described. A summary of the plant inoculations is found in table 4. It was 
also noted that, whereas rough forms of the various strains had lost their patho- 
genicity for animals, they had retained the ability of attacking plant tissues. 
Passage through 4 )la»ts did not alter the effectiveness of the phytopathogenic 

TABLE 4 


Plant inoculations 


OKGANISM TESTED 

TOBACCO 

ONION 

CUCUICBEE 

POTATO 

LETTUCE 

Needle 

puncture 

Smear 

Spray 

Gil 

+ 

4- 

4- 

+ 

4* 

4- 

+ 

PP2 

+ 

+ 


4- 

+ 

4- 

4- 

Rab 

4* 

4- 

4- 

4- 

d= 

4- 

4- 

Birk 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

Chick 

+ 

4- 

4- 

db 

4- 

4- 

4- 

97 

— 

+ 

— 

— 

+ 

— 


260 

— 

4- 

— 

d= 

+ 

— 

— 

257 

— 

+ 

— 





266 

— 

4- 

— 

4- 

4- 

— 

— 

W 

4- 

+ 


4- 


4- 

4- 

A1 


4- 



— 


4- 

A2 


+ 


4- 

+ 

4- 


A3 


4- 



4- 


4- 

Chi 

+ 

+ 

4- I 

4- 

4- 

4- 

— 

OSU 

4- 

+ 



4- 


- 

Ky 

4- 

+ 


— 

— 

4- 

— 

RIH 

+ 

4- 


4- 

4- 

+ 

4- 


good reaction; weak reaction; no visible change; blank =» not done. 


powers of the organisms. Likewise, plant passage did not detract from the 
ability of the various isolates to infect animals. 

DISCUSSION 

From the results of the biochemical and serological tests it is evident that the 
two isolates of P. polycolor are indistinguishable from certain strains of P. 
aeruginosa. The heterogeneity of the antigenic character of the group and the 
minor inconsistencies in the fermentative abilities do not detract from this 
relationship. Also, the production of pyocyanin by the two plant cultures con- 
firms still further their true identity. Likewise, the pathogenicity for small 
animals of P. aeruginosa is also shared by P. polycolor. From the above facts 
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it would be impossible to separate P. polycolor from P. aerugmosa^ and we con- 
clude that the two are identical. 

The similarity between the plant and animal isolates is further emphasized by 
plant inoculations. Both produce similar pathological conditions on tobacco. 
The lesions produced by us experimentally are identical with those described by 
Clara as occurring naturally and produced in the laboratory by him with P. 
polycohr. The production of soft-rot of onions, cucumbers, and potatoes by 
our cultures links them with B, marginale. Mehta and Berridge (1924), how- 
ever, have already pointed out the similarity of B. pyocyaneus and B. marginale. 
Their experiments, and ours, would indicate that the 3 organisms are the same. 
In view of the serological heterogeneity of the group, the agglutination results 
of Brooks, Nain, and Rhodes (1926) would not invalidate this relationship. 

Infection of plants, as of animals, by P. aeruginosa occurs best in a weakened 
host. Thus, a storage rot must be considered as a passive pathogenic process, 
implying little more than the ability to grow and excrete certain products (in 
this case the enzyme protopectinase) for inducing the pathological condition. 
In actively growing plants, also, a weakened state is conducive to good infection. 
Water-soaking must be looked upon as a debilitory state. Likewise, excessively 
high temperature and high humidity contribute to a weakened condition. It 
must be remembered, too, that the less actively growing lower leaves are the 
most susceptible. Such debilitating conditions have their analogies in virtually 
all P. aervjginosa infections in animals, wherein the organism serves either as a 
secondary invader or attacks a previously weakened host, e.g., undernourished 
children. 

Neither in its plant pathogenicity, nor in its animal infections, can P. aeru- 
ginosa be considered an aggressive pathogen. As we have pointed out, the 
amount of the inoculum must usually be excessive or the host weakened. But 
in plants, as well as in animals, when conditions are favorable, the disease can 
be acute and widespread. The presence of P. aeruginosa in the soil very likely 
serves as a continual reservoir of infection. The susceptibility of the lower 
leaves likewise would aid in spreading and maintaining the disease. Brown 
(1918) recognized B. marginale as a soil organism and was confident that infec- 
tion does occur by contaminated soil. The marginal aspect of the disease in 
lettuce would seem to bear this out. Soil contamination could well account for 
the presence of the organism in storage rots. 

It appears likely that the phytotoxic factors of the organism are not the same 
as the toxic substances that induce animal disease. This was emphasized by the 
action of rough variants which, though not fatal to animals, retained their 
pathogenicity for plants. To date we have not been able to isolate the phyto- 
toxic factor. Patty (1921) made an interesting observation concerning the 
production of HCN by B, pyocyaneus in culture and in the animal body. If 
this material is produced in sufficient quantity, it might well account for the 
necrotic lesions in plants. 

It has been our experience, and that of others, to lose rabbits occasionally 
during a course of immunization with phytobacteria. Such deaths are ap- 
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parently due to an accumulative toxemia, the animals rapidly losing weight 
and becoming less active. On autopsy the organisms are not recoverable. Such 
is not the case with P. aeruginosa where a fulminating bacteremia is produced; 
showing the ability to adapt conditions within the animal body. In the 
plant, also, the organism thrives and multiplies. Without doubt the resulting 
lesions and other evidences of destruction are due to the production of toxic 
factors. Nevertheless, this in no way detracts from the ability of the organisms 
to adapt themselves to the conditions as set up in the plant. We have, there- 
fore, in P. aeruginosa a bacterium which serves as a dual pathogen, and which, 
we believe, is unique in the field of bacteriology. 

SUMMARY 

Two isolates of Phytomonas polycolor have been found to be indistinguishable 
from cultures of Pseudomonas aeruginosa. 

On the basis of pyocyanin formation, growth at 37°C., and animal patho- 
genicity, they react as does P. aeruginosa. Agglutination, complement fixation, 
and agglutinin-adsorption experiments have shown the two plant organisms to 
be serologically identical with at least one animal isolate and closely allied to 
others. A brief biochemical comparison has also indicated singleness of the 
group. 

We have failed to confirm the view of Header et al. that by agglutinin-adsorp- 
tion the P. aeruginosa group is serologically uniform. 

Fifteen isolates of P. aeruginosa derived from many sources have shown the 
ability to attack tobacco. The type of lesions produced is identical with that 
produced by P. polycolor. Many of these organisms produce a soft-rot of 
vegetables like that ascribed to Bacterium marginale. We concur with Mehta 
and Berridge in the identity of P. aeruginosa and B. marginale. 

The ability of P. aeruginosa to thrive in plant tissues as well as in warm- 
blooded animals makes it unique in the field of bacteriology. 
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PLATE I 

(Photographs by J. A. Carlile) 

Fig. 1. A leaf of tobacco from a plant inoculated by spraying. Lesions are typical 
necrotic type. Culture Rab. 

Fig. 2. a. Control tobacco plant inoculated into the stem with Paeudomonaa fiuoreacena, 
b. Tobacco plant inoculated by stem puncture. Culture Birk. 

Fig. 3. Tobacco plant inoculated by smear method. Culture 257. 

Fig. 4. Leaf from lettuce plant inoculated by spray technique. Culture Chick. 
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In 1937, two atypical strains of Eberthella typhosa were isolated twenty -five 
days apart from patients presenting clinical symptoms of typhoid fever. 
Blood and feces from one patient, and blood from the other, yielded organisms 
atypical of E. typhosa in that they showed delayed fermentation of lactose and 
sucrose, but failed to produce hydrogen sulfide. Both patients gave a history 
of having eaten raw oysters at the same restaurant. 

In reviewing the literature for reports of biochemically-atypical strains of E, 
typhosa one finds that as early as 1907 Twort artificially induced the fermentation 
of lactose by cultivation in lactose broth. This additional fermentative power, 
however, was quickly lost upon reinoculation to lactose-fn^e media. Teague 
and Marchirna (1920) studied particularly the variability of xylose and arabinose 
fermentation, and more recently Graf (1937) has strongly emphasized the fre- 
quency and extent, of biochemical variation within the Eberthella group. 

The discovery of biochemically irregular strains at primary isolation is, of 
cours(% not uncommon. Meyer and Neilson (1920) reported atypical reactions 
with dulcitol, rhamnose, milk and indole. Bacterial types intermediate' betwe?en 
Eberthella and some other genus have) also been reported. An example' is that of 
Lazare anel Breaks (1932) whose organism biochemically resembled the Iliss-Y 
type of dysentery bacillus, but posse^ssed flagella and was agglutinated by both 
E, typhosa and Shigella dysenteriae antisera. 

A case of te^mpe'rorary variation fe)llen\mg primary isolation is that e)f Postern 
(1938). Her strain fermenteel sucrose, but not lactose, and pre)duceel indole. 
It was at first weakly agglutinatexl (1:20) by typhend aiitisemrn, but became 
reaelily agglutinable at the same time that the biochemical re'actions returned 
to normal. Postern’s experie'nce somewhat rese'mbled ours in that eailturally 
the atypical behavioi’ was temporary and accompanied by partial inagglutin- 
ability. In emr case, however, it was sucrose and lacte)se' fermentation and 
hydrogen sulfide proeluction which were abne)rmal. 

Bergc'y’s Manual (1939) lists three species- which resemble our isolations in 
that they ferme^nt lactose anel mannite)!, but fail te) lie^uefy gelatin. Each erne of 
them, however, differs from our strains in at least one important respect. The 
sendai type of E. typhosa, like our strains, does not pi’oeluce H 2 S; but that organ- 
ism differs in its fermentation of rhamnose and, e)f course, its inability to attack 
lactose or sucrose. To our knowledge the biochemical pattern herein described 
has not been reported previously. 

^ This paper is a summary of the senior author’s Master of Science degree thesis. 

^ Eberthella oxyphtla, E. belfastiensis and E. pyogenes. 
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EXPERIMENTAL 

Description of organisms upon isolation. The cell morphology and smooth 
colonies were typical of E, typhosa. Few of the cells exhibited definite motility. 
Both strains (Jo and Tr) rapidly fermented glucose, maltose and mannitol. 
Xylose, arabinose, and salicin were negative. On the third day lactose and 
sucrose were acidified. Evidence of H 2 S production was completely lacking; 
colonies on or in bismuth sulfite media (Difeo) were uniformly colorless. Brom- 
cresol-purple milk was temporarily acid without coagulation, but later reverted 

TABLE 1 

Biochemical reactions of Jo and Tr strains five months after isolation 


READINGS 


TEST substances 

Jo 

Tr 


1 day 

i days 

7 days 

14 days 

1 day 

? days 

7 days 

14 days 

Glucose 

A 

A 

A 

A 

A 

A 

A 

A 

Maltose 

A 

A 

A 

A 

A 

A 

A 

A 

Xylose 

A 

A 

A 

A 

A 

A 

A 

A 

Galactose 

A 

A 

A 

A 

A 

A 

A 

A 

Mannitol 

A 

A 

A 

A 

A 

A 

A 

A 

Levulose 

A 

A 

A 

A 

A 

A 

A 

A 

Lactose* 

— 

A 

A 

A* 

— 

A 

A 

A* 

Sucrose* 

- 

A 

A 

A* 

- 

A 

A 

A* 

Glycerol 

- 

- 

A 

A 

- 

- 

A 

A 

Dulcitol 

_ 

— 

— 

A 

_ 

— 

A 

A 

Trehalose 

A 

A 

— 

— 

A 

A 

— 

— 

Sorbitol 

A 

A 

— 

— 

A 

A 

““ 

— 

Indole; 

— 

— 



- 

- 



Nitrate reduction 

+ 




4- 




liydrogen sulfide 

- 

- 

- 

- 

- 

- 


- 

Methyl red 

-f 


1 

j 


+ 




Voges-Proskau(;r 

— 




— 




H-G P milk 

N 

A 

N 

Aik 

N 

A 

N 

Aik 

Gelatin . . 

— 

— 

— 

— 

— 

— 

- 

— 


* The final pH of 1.0 per cent sucrose and lactose broths was 4.8 to 5.0. 
A denotes acid, no gas. N denotes neutral reaction. 


to slight alkalinity. Gelatin was not liquefied. Indole was not formed; nitrates 
were reduced. 

Five months after isolation. The cultures had boon transferred monthly on 
extract agar, incubated for 24 hours and stored at 4°C. Table 1 shows the results 
of biochemical tests at this time. 

It will be noted from table 1 that both organisms were still atypical with 
respect to lactose, sucrose and hydrogen sulfide. Motility was now vigorous. 
Detection of hydrogen sulfide was attempted by the inoculation of the following 
media; lead acetate agar stabs; bismuth sulfite (Difeo) medium, both as pour 
and streak plates; 0.03 per cent cysteine agar and broth. All were consistently 
negative, although the Rawlings strain (control) was uniformly positive. It 
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was further found that glycerol and dulcitol showed delayed fermentation. On 
the other hand arabinose, salicin, dextrin, inulin, cellobiose, inositol, rhamnose 
and rafBnose were not attacked. 

Eighi months after isolaiion. Both strains had now lost the ability to ferment 
lactose, sucrose and dulcitol. Glycerol was still acidified. As yet neither 
strain produced H 2 S; indeed, it was a little more than a year after isolation before 
these tests became positive. Both strains reverted to a typical biochemical 
pattern in about the same length of time. 

Attempts to induce lactose fermentation. Since both strains had continued to 
attack lactose for at least five months after isolation, it seemed of interest to 
attempt reactivation of that enzyme. In spite of 19 months of bi-weekly sub- 
culturing in lactose broth at 37^0., both aerobically and anaerobically, lactose 
fermentation did not reappear. Believing that the utilization of lactose may 
originally have been associated with virulence, serial passage through mice was 
resorted to. Both strains killed mice regularly within 24 hours. Serial inocula- 
tions of peritoneal exudate were made at 24-hour intervals. After eighteen such 
passages lactose was not attacked, and further effort along this line was dis- 
coi\^inued. 


SEROLOGICAL STUDIES 

Sera from patient Jo during the course of illness showed, as was expected, a 
gradual increase in somatic and flagellar typhoid antibodies. On the other hand, 
the second patient (Tr) during her entire hospital stay failed to develop a titer 
above 1:20 against typhoid-901 antigen. 

Formalinized suspensions of the freshly-isolated strains were only partially 
agglutinated by high-titer OH-901 antiserum; Jo antigen was positive through 
1 : 100 dilution, and the Tr suspension through 1:50 only. No agglutination of 
living bacilli by 0-901 serum could be detected. Reactions with various 
Salmonella sera were minimal or entirely absent. Pure “Vi” serum was not 
available. The inhibition of flagellar agglutination was compatible with the 
few flagella seen by appropriate staining procedures. Absence of “O” agglutina- 
tion, on the other hand, was interpreted as being due to the presence of consider- 
able “Vi” antigen. 

Two months after isolation both strains were readily agglutinated by “H” 
and “0” sera. It may be of interest to note that the biochemical reactions were 
still atypical. About this time rabbit antisera were produced with formalinized 
suspensions and the serological relationships with several Salmonella and Shigella 
species determined. Since originally both strains had 'shown feeble motility and 
delayed fermentation of lactose, it seemed advisable to test particularly for any 
antigenic relationship with Shigella sonnei. In brief, “H” and “O” reciprocal 
agglutination tests revealed the anticipated cross reactions with certain Scdmon- 
ella species, but none with Shiga, Flexner or Sonne dysentery bacilli. By 
reciprocal absorption the serological similarity of cultures Jo and Tr with typhoid 
strain 901 was established. Therefore, we felt that at this time we were dealing 
with fully antigenic typhoid bacilli and no attempt was made to determine their 
antigenic structure or to type them by bacteriophage. 
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When the biochemical behavior of the strains eventually became typical, new 
antisera were prepared and the agglutination studies repeated. No essential 
differences were noted. Somewhat later it was decided to compare our strains 
with Eberthella sp. (Sendai type) which is also H 2 S-negative, but ferments 
rhamnose. Sendai strain # 6968 from the American Type Culture Collection 
was accordingly tested against the various Jo and Tr sera and against stock 
typhoid sera. No relationship could be found between the agglutinogens 
of the sendai and several typhoid strains. 

Studies on carrier state. Patient Jo, unfortunately, was not available for fol- 
low-up study, but the other patient (Tr) became a carrier and recently was still 
eliminating typhosd** in the feces and urine. It may be of interest that the 
isolations obtained up to approximately one year after onset were biochemically 
identical with the original isolation but usually reverted quickly to the lactose- 
negative, sucrose-negative, H 2 S-positive type. One year later both typical and 
atypical types were present. But when the cultures were again repeated after an 
additional six months, three biochemical types were recovered. In addition to 
the typical and atypical varieties previously encountered, there appeared a 
transitional H 2 S-positive form fermenting sucrose, but not lactose. Three yq^irs 
after onset only typical organisms could be found. 

Several times during the series of periodic feces and urine examinations blood 
was drawn from this individual and tested for antibody. It is of interest that at 
no time could a titer above 1:50 against the homologous or 901 typhoid antigens 
be demonstrated. In addition, each new isolation was for a time poorly agglu- 
tinated by typhoid ‘‘0^^ sera. 

Both the partial inagglutinability of strain Tr at isolation and its persistence in 
the patient after clinical recovery suggested the presence of “VI'' antigen. In 
fact, it was demonstrated as long as three years after isolation that both strains 
contained a small amount of this antigen. Their virulence for mice was ap- 
proximately one-half that of the high-“Vi" Watson strain (Eliot, 1940), and fol- 
lowing mouse passage living suspensions were agglutinated (1:320) by pure “Vi" 
antiserum. In addition, the patient's serum consistently agglutinated “Vi" 
antigen in 1 : 40 dilution. 


DISCUSSION 

The isolations described in this communication appear to represent a single 
variant type. Their origin was the same and their entire behavior during the 
period of study was remarkably similar. 

Because H 2 S was not produced upon primary isolation, neither strain could be 
detected in bismuth sulfite agar. It is not unlikely that similar variants oc- 
casionally occur among the H 2 S-positive Salmonella group. Therefore, sole re- 
liance upon this type of medium for the primary isolation of H 2 S-positive enteric 
bacilli is undesirable. 

That markedly atypical strains may cause the classical form of typhoid fever is 
illustrated by these two cases. Both patients presented the usual symptoms at 
onset and subsequently pursued the customary course of typhoid fever. 
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SUMMARY 

L Two biochemically atypical strains of Eberthella typhosa from clinical ty- 
phoid fever were observed for a period of three years. 

2. Upon isolation lactose and sucrose were fermented, but H 2 S was not pro- 
duced. Only after one year of artificial cultivation did they become entirely 
typical. 

3. All attempts to reinduce lactose fermentation failed. 

4. Serologically both strains possessed considerable ‘‘Vi’’ antigen, but when 
isolated only a small amount of flagellar antigen. No other unusual antigenic 
property was observed, 

5. Periodic feces isolations from one case, a carrier, revealed a gradual transi- 
tion from the abnormal biochemical pattern first observed to a completely 
typical one three years later. 
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INTRODUCTION 

Some years ago it was found that Bacillus subtilis sporulated more profusely 
in Bacto-peptone broth when a small quantity of activated charcoal was added 
to the medium. Further studies revealed that although the charcoal tvas 
removed from the medium prior to inoculation, the percentage of cells sporu- 
lating during short incubation periods was still appreciably greater than in 
untreated Bacto-peptone broth. The work subsequently done to determine 
the nature of the response of B. subtilis to charcoal treatment is the subject of 
the present report. Although the investigations are not completed, publication 
of the available data seems advisable since it is improbable that further work 
will be possible in the near future. Apparently the influence on sporulation of 
various fractions of commercial peptones has not previously been studied. 

MATERIALS AND METHODS 

Unless otherwise stated, Bacto-peptone solutions were used as basal media to 
which the various colloids under investigation were added. The nutrient solu- 
tions were placed in six-ounce prescription bottles, each containing 25 ml. of 
desired solution. The bottle screw-caps were carefully adjusted to prevent 
contamination without hindering diffusion of gases. In most cases the bottles 
were incubated in a horizontal position to allow a maximum of surface, since 
this treatment prevented heavy pellicle formation and facilitated accurate 
sampling. Cultures were incubated at 37°C. 

The test organism used was a strain of B. subtilis originally obtained from the 
University of California Medical School. It is the culture used by Williams 
(1931) in his earlier studies on the physiology of sporulation. In most cases, 
the various nutrient solutions to be tested were inoculated with two drops of a 
suspension of cells of B. subtilis, obtained by washing a 24-hour 0.5 per cent 
Bacto-peptone agar slant culture with about 50 ml. of sterile distilled water. 

Loop smears were made from the incubating cultures at intervals, usually 
after two and four days. Spores were stained by the method described by 
Conklin (1934) and spore-vegetative cell ratios were determined by counting 
400-600 cells, distributed over five to ten microscopic fields. 

^ This paper covers in part the dissertation submitted by the senior author in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 

* Now of the Department of Botany, Purdue University Agricultural Experiment Sta- 
tion, West Lafayette, Indiana. 
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EXPERIMENTAL 

A. Relationship of sporulation to nutrient supply in peptone solutions 
treuted with charcoal 

Williams (1931), Bninstetter and Magoon (1932), and others have shown that 
sporulation in peptone solutions is inversely proportional to the concentration 
of the peptone solution. Adsorption of nutrients might explain increased 
sporulation in peptone solutions treated with charcoal. Preliminary studies 
indicated that 0.6 per cent Bacto-peptone solution contained approximately 0.76 
mgm. of nitrogen per ml., whereas a 0.6 per cent solution heated with charcoal 



MILLIGRAMS OF NITROGEN PER CUBIC CENTIMETER OF PEPTONE WATER 

Fig. 1. Sporulation by B. subtilis in Various Concentrations op Untreated and 
Charcoal-Treated Bacto-Peptone Water after 48 and 72 Hours of Incubation 
(Concentration estimated by total nitrogen content) 

and filtered contained only about 0.19 mgm. of nitrogen per ml. Thus, if total 
nitrogen is a valid index of total nutrients, then approximately two-thirds of the 
nutrients are removed by treatment of the peptone solution with charcoal. The 
following experiment was done to determine if the action of charcoal in stimu- 
lating sporulation is due to a reduction in the amount of total available nutrients. 

A one-per-cent Bacto-peptone solution was treated with two per cent Norite 
and repeatedly filtered with suction until the filtrate was free from charcoal. 
The pH of the peptone solution during adsorption was 6.5. The clear filtrate 
was then evaporated to approximately one-seventh of the original volume. At 
intervals during evaporation samples were removed from the evaporating dishes 
and the total nitrogen content of each determined. Each sample was then 
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inoculated with B, subtilis and incubated for 96 hours. After 48 and 96 hours 
incubation, counts were made to ascertain the per cent of cells in the spore state. 
The results are given in figure 1. 

Treatment with charcoal improves the medium for sporulation regardless of 
the concentration of nutrients at which the comparison is made. Also spore 
formation in untreated peptone water has an inverse, curvilinear relationship 
to peptone concentration, whereas spore formation in treated peptone water is 
not appreciably influenced by the concentration of peptone as measured by total 
nitrogen. This evidence indicates that treatment with charcoal influences 
spore formation in some manner other than by reducing the concentration of 
total nutrients as measured by total nitrogen. However, it is quite possible 
that charcoal treatment so completely removes some essential nutrient factor 

TABLE 1 

Comparison of growth of B. avbtilis in charcoal-treated and untreated bacto-peptone broth of 


HOUKS OF INCUBATION 

equal total nitrogen content* 

MILLIONS OF CELLS PEE ML. 

Untreated 

Charcoal-treated 

1 

.4 

.5 

2 

1 

.8 

4 

25 

21 

5 

39 

38 

6 

86 

70 

8 

107 

96 

10 

103 

67 

14 

111 

134 

24 

114 

96 

36 

139 

100 

50 

107 

92 

60 

85 

98 

77 

78 

85 

96 

89 

110 


* 0.75 mgm. N per ml. 


that even after concentration of the filtrate this factor remains a limiting factor 
for continued vegetative development. It would seem that spore formation by 
B, subtilis in Bacto-peptone water is inversely proportional to the concentration 
of either a nutrient factor (not total nutrients) or some factor directly inhibitory 
to the spore-forming process. 

In order to obtain additional evidence relative to the comparative nutritive 
value of treated and untreated peptone waters of equal nitrogen content, growth 
of B. subtilis was measured in charcoal-treated and untreated peptone waters 
each containing 0.75 milligram of nitrogen per ml. The media were inoculated 
with approximately 430,000 cells per ml. of an 18-hour culture of B, subtilis. 
Increase in the number of cells was measured periodically by means of plate 
counts in the usual manner. The results are shown in table 1. 
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The untreated peptone water may have supported slightly better growth than 
treated peptone water of equal nitrogen content. The difference in growth 
rates in the two media is small and may be due only to inaccuracies in the plating 
technique. If treatment of Bacto-peptone with charcoal stimulates spore 
formation by the removal of essential food factors, then it is apparent that the 
removal of these factors has little, if any, influence on the total number of cells 
produced in the medium. 

B. Some 'properties of the material adsorbed by charcoal 

Occurrence. One-per-cent distilled-water solutions of Bacto, Witte, Parke- 
Davis, and Difco proteose peptones were subjected to adsorption by two per 
cent Norite without heat. Adsorption was done at the pH of the respective 
distilled water solutions. After filtration, each solution was evaporated until 
solutions equivalent in total nitrogen to 0.9, 0.8, 0.7, 0.6, and 0.5 per cent unad- 

TABLE 2 

Spore formation by B. eubtilia in charcoal-treated aoltUiona of various brands of peptone after 

48 hours incubation 


PEK CENT OP CELLS AS SPOEES IN INDICATED MEDIA 


PEPTONE 

CONCEN* 

TIATION* 


Charcoal treated 



Untreated 


Parke- 

Davis 

Witte 

Bacto 

Proteose 

Parke- 

Davis 

Witte 

Bacto 

Proteose 

per cent 

0.9 

37 

19 

34 

14 

9 

20 

1 

8 

■BS 

28 

22 

t 

10 

t 

19 

1 

8 


t 

25 

36 

14 

17 

18 

1 

t 



27 

33 


6 

13 

2 

7 

0.5 


22 

27 

14 

9 

28 

t 

9 


* Estimated by total nitrogen content in solutions treated with charcoal, 
t Discarded because of evidence of contamination. 


sorbed peptone solutions were obtained. A corresponding series of untreated 
solutions was prepared for each brand of peptone tested. 

Bacto-peptone and Parke-Davis peptone solutions were better media for 
sporulation following partial adsorption by charcoal (table 2). At the pH of 
their respective distilled water solutions, Witte peptone and Proteose peptone 
respond only slightly if at all. 

Adsorption with agents other than charcoal. Two-hundred-ml. aliquots of one 
per cent Bacto-peptone water at pH 6.5 were adsorbed with about two per cent 
of kaolin, ten ml. of aluminum hydroxide suspension containing approximately 
16.1 mgm. of aluminum hydroxide per ml., and with ten ml. of ferric hydroxide 
containing about 20 mgm. of ferric hydroxide per ml. of suspension. Following 
adsorption and filtration, all the filtrates were adjusted to contain 0.77 mgm. of 
nitrogen per ml., the equivalent in total nitrogen of a 0.6 per cent untreated 
Bacto-peptone solution. These solutions were inoculated and incubated in the 
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usual manner. The results are presented in table 3. It will be noted that these 
materials, like charcoal, are effective in improving Bacto-peptone solution for 
sporulation by B. subtilis. 

Hydrogen-ion concentration at which optimum adsorption with charcoal occurs. 
Aliquots of one-per-cent Bacto-peptone water were adjusted with HCl or NaOH 
to H-ion concentrations ranging from pH 3.0 to 10.0. One per cent Norite was 
added to each flask, heated, and filtered from the solutions. There was little 
change in pH during the adsorption. 

Following removal of the charcoal, each solution was adjusted to pH 7.0 and 
total nitrogen was determined by Kjeldahl. All the solutions were then read- 

TABLE 3 


The influence on spore-formation by B. subtilis of treatment of bacto-peptone broth with 
adsorbents other than charcoal 



PERCENTAGE SPORULATION IN MEDIA ADJUSTED TO 

ADSORBENT 

CONTAIN 0.77 MGM. OF NITROGEN PER ML. 


48 hours incubation 

96 hours incubation 

Control (not adsorbed) 

2 

23 

Kaolin 

26 

52 

Ferric hydroxide 

29 

59 

Aluminum hydroxide 

16 

45 


TABLE 4 

Spore formation by B, subtilis in bacto-peptone water previously treated with charcoal at various 

hydrogen-ion concentrations 


INCUBATION 

PERIODS 

PER CENT SPORULATION IN PEPTONE WATER TREATED WITH CHARCOAL AT INDICATED pH* 

0.5 PERCENT 
PEPTONE 
WATER 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

UNTREATED 

hours 

48 

31 

30 

17 

5 

3 

0 

2 

0 

3 

96 

46 

44 

44 

31 

19 

3 

12 

7 

18 


* After adsorption all media were adjusted by dilution to contain 0.77 mgm. of nitrogen 
per ml. 


justed by dilution to contain approximately 0.77 mgm. of nitrogen per ml. The 
reduction in total nitrogen content of the peptone water was approximately 
the same regardless of the pH at which adsorption occurred. The percentage 
sporulation by B. subiilis in each medium is given in table 4. It is apparent that 
adsorption of Bacto-peptone broth within the pH range 3-6 produces the best 
medium for sporulation. 

C. Comparison of the adion of charcoal and agar on sporulation in 
Bacto-peptone water 

It is well known that aerobic spore-forming bacteria will sporulate more 
profusely on the surface of media solidified by agar than in corresponding liquid 
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media. There is good evidence that the action of agar is not due entirely to 
improved oxygen relationships on the surface of the jel. For example, agar in 
concentration as low as 0.06 per cent has been observed to increase sporulation 
by B. svbtilis. This concentration of agar imparts some viscosity but does not 
jel the medium. Also, the percentage sporulation in vigorously aerated Bacto- 
peptone broth has been found to be considerably less than in the unaerated 
medium made slightly viscous with agar. The per cent of cells as spores was 
determined from samples taken from below the surface of the medium. The 
ability to stimulate spore formation by J5. siibtilis is presumably a characteristic 
of many, if not all, hydrophilic colloids since gum karaya, gum tragocanth, gum 


TABLE 6 

Spore formation by B. svbtilis as influenced by the addition of agar to various concentrations of 
charcoal-treated and untreated bacto-peptone broth 




PEE CENT OF CELLS AS SPOSES IN PEPTONE WATER TREATED AS INDICATED 

INCUBATION 

PEBIOD 

PEPTONE 

CONCENTBATION* 

Charcoal-treated 

1 Untreated 



Agar 0.1 per cent 

No agar 

Agar 0.1 per cent 

No agar 

hours 

per cent 





48 

0.5 

56 

32 

42 

2 


0.8 

52 

27 

38 

1 


1 

50 

22 

25 

0 


2 

51 

33 

2 

0 


3 

42 

28 

0 

0 

96 

0.5 

72 

51 

78 

21 


0.8 

63 

60 

68 

5 


1 

62 

60 

54 

10 


2 

75 

76 

28 

3 


3 

76 

79 

10 

4 


* In the case of charcoal -treated peptone solutions, the concentration is adjusted to 
correspond in total nitrogen per ml. to corresponding concentrations of untreated peptone 
water. 


arabic, quince seed extract, and purified Phytomonas tumefadens gum have been 
observed to stimulate spore formation. 

The following experiment was done to compare the influence of agar and char- 
coal on spore formation. Bacto-peptone water was treated with charcoal and 
evaporated until the total nitrogen content of the concentrate was equal to that 
of a 3 per cent untreated peptone water. By dilution of this concentrate, 
solutions were prepared which corresponded to two, one, 0.8, and 0.6 per cent 
peptone water. A corresponding series of untreated peptone solutions was also 
made. One-tenth of one per cent of agar was added to 25 ml. aliquots of each 
concentration of both treated and untreated peptone solutions. A corresponding 
series received no agar. The percentage sporulation by B. subtilia was measured 
after 48 and 96 hours of incubation. The results are shown in table 5. 
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It is at once apparent that the actions of agar and of charcoal are quite dis- 
similar. Agar stimulates spore formation in peptone water treated with charcoal 
and unlike charcoal has no influence in overcoming the deterrent effect of high 
concentrations of peptone. 


SUMMARY 

A greater percentage of Bacillus subtilis cells sporulate in Bacto-peptone broth 
treated with charcoal than in untreated peptone water. 

The per cent of cells in the spore state is independent of the concentration 
of the treated peptone solution. It is suggested that spore formation in Bacto- 
peptone water is inversely proportional either to some particular food factor or 
factors or to some factor directly inhibitory to the spore-forming process. 

Treatment of Bacto and Parke-Davis peptones with charcoal improves these 
for spore formation, but Witte and Proteose peptone do not respond. The per 
cent of sporulating cells can be increased by adsorption of the medium with 
kaolin, ferric hydroxide, or aluminum hydroxide. Most effective adsorption by 
charcoal occurs in the pH range of 3-5. 

The action of agar and of charcoal in improving Bacto-peptone as a medium 
for sporulation is dissimilar. 
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LFX) G. NUTINT and (^OHNELUIS W. KHEKI^: 

Inaiitutum Ihvi Thomuc, Athenaeum of Ohio, Cincinnati 

Recoived for publication May 20, 1042 
INTKODUrTION 

T}k‘ problpin of Eloctivo Localization has long Ix'cn a subject of controv(U’sy 
among those who have observed the i)eculiar tendency of certain ba(d('ria, ('sp(‘- 
cially str(‘ptococci, to localize and pi-odiic(‘ lesions in selected organs. In this 
connection, it has Ihh'ii shown by Rosenovv (1914) that as non-viriilent strepto- 
cocci Ix'came virulent through successive passage^ thn)Ugh animals, tlu^ sit(‘ of 
localization with production of l(\sions changcxl markedly. When the virukaice 
was low the seh'cted sit(' of infection was almost wholly avascular tissue; when 
the virulence^ was modei’ate, focal h'sions of th(' kidney were proiu' to develop 
along with cholecystitis and ulcers of the stomach; and when th(‘ virulence* was 
high, death from l)acteremia occurred. 

While there is little doubt that this select iye action of the* streptococcus is 
due in part to change* in virulence, it canne)t be ce)nskle're*el the sole* ge)verning 
factoi’. The fae't that the* e)rgans themselve*s may e)ffe*]* r*e*sistane*e‘ must a,lse) 
be* take*ii into accenint. When one consielers that strej)toe*oe*e*i e)f le)w vii*ule*ne*e' 
attack strie'tly avascular tissue* anel the)se of high virule*ne*e, vasculai* tissue*, 
this relatiemship be*twe'e*n the virulence e)f infe*ctive* organisms anel the* re*sista,ne*(* 
of infe*cte*el organs se*e*ms e*stablishe*el. 

It is kne)\vn from the work e)f Gay and his e*e)llabe)rators (1923, 1921 anel 192()) 
that the)se tissues which are e*oncerneel in immunizatiem, name*ly, those* e)f the* 
i*(*ticuloe*nele)the*lial system, alse) e)ffe*r the gre*at('st re*sistance te> local le*sions. 
This, there*fe)re, might ace*e)unt for the fact that tissue's of t his syste*m are attacke*el 
only by bacterial e)rganisms of the highcvSt virulence. 

In e)ur laboratories we* hav e* be*e*n able to isolate* fie)m v^aiieel e)i‘ganic se)ure*e*s 
(Fardon ci ah, 1937; Si)e'rti ct aJ., 1937; Farelon anel Ruddy, 1937; Xe)rris anel 
Kre'ke, 1937; Loofbe)ui’e)W’ anel Me)rgan, 1938; Rudely, 1939), ine*Iuding bacterial 
organisms thcmse*lve*s (Loe)fbourow and Morgan, 1940), substane*e*s which w'he*n 
allowx'el to act em cei’tain bacte*ria gi-eatly stimulate'el theii* gre)wth and othei* 
metabolic proe*e*sses. In me)re recent we)rk, substances e)f an inhibitory nature, 
which might be re'sponsible to some* ele*gre*e for an organ’s inhe*re*nt immunity, 
luwe also be*en isolate'd (Gook ci ah, 1941 ; SchreK'de*r anel Holle*ncamp, 1941). 

In an atte*mpt to further this latter \ve)rk, we se4e'e*te*el the* spleen as the logical 
organ from wdiich to e)btain these inhil)itory materials. This se*lection was made* 
in acce)relance with the e*e)ne*ei)t e)f ele*ctive loe*alization anel the wedl known fact 
that infections of the s{)leen are alme)st whe)lly e)f sece)nelary or hemate)genoiis 
origin, implying the*refore e',xtre*me* virulence e)f the infecting agent e)r extreme* 
re\sistance of the tissue subjectoei te) the* irife*ction. It was themght that the* in- 
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hereiit immunity or* rosistaiieo of the organ might be explained to some degree 
the i)resence of inhibitory substances and that these substances might be suscep- 
tible to isolation by or*dinary chemical methods. 

EXPERIMENTAL 

Human s{)le(ms showing no gi-oss pathology were secured at autopsy from a 
number of hospitals. These organs were thoroughly minced and alternately 
frozem and thawed 3 times in an ecpial volume of Drew’s solution (210 ml.). The 
material was filtered through a Buchner filter and the filtrate was then centri- 
fuged. To 100 ml. of a clear supernatant fluid was added periodicrally, over an 
interval of several days, enough 95 per cent alcohol to produce a final alcoholic 
coiKH'ntration of 80 per cent. The precipitate which was formed was filtered off 
and the filtrate concentrated in vacuo at 30°C. to a volume of 100 ml. (total 
solids present 2 g. ; pH 7.0). Sterilization of the material was accomplished b}^ 
passing through a Seitz filter. 



Fkj. 1. A. S. hemolyticuH. IMated from 3-day old culture on brain heart infusion 
brotli (4/1/41) 

B. >S hemolylicus. IMatcd from 3-day old culture on brain heart infusion brotli -f 0.5 
jior cent splen ext. no. (J (4/1/41) 

C\ S. heinolyticus. I’late<i from 3-day old culture on brain heart infusion broth -|- 1 0 
[lercent spleen ext no 6 (4/1/41 ). 

The following series of (experiments were conducted a number of times (6) on 
hemolytic streptococci ol)tained from 3 diff'erent sources. The results in each 
instance were similar. 

A series of 3 petri platt's, ('ach containing 20 ml. of be(ef-heart infusion agar, 
was prepared. Oik' served as control, while to th(^ other 2 was addcnl spleen 
extract in contumtrations of 0.5 and 1.0 p(u- c(‘nt respectively. (Tn this and all 
tlie other experiments th(' spleen extract was evaporated to dryness befon^ incor- 
porating it in th(» media. This was done to eliminate the possible effc'ct of any 
alcohol which might have been left in the sample after in vacuo concentration). 
Each plate was then inoculatt'd with a 2-day broth culture of hc^molytic strepto- 
coccus, isolated from a sewere mastoid infc'ction, and incubated at 37.5°C". After 
1 day the control plato show(‘d normal colonies, while' the plates containing the 
splcH'n extract sho\Aed no gi’owth even after 7 days of incubation. A chart 
showing th(' results of these experiments is seen in figure 1 . 

In order to determine whether the extract was germicidal or merely inhibitory, 
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a second experiment was performed. A series of 3 tubes, each containing 5 ml. 
of brain-heart infbsion broth, was inoculated with hemolytic streptococcus. 
Here again the 2 experimental tubes contained 0.5 and 1.0 per cent spleen extract 
respectively, while the third served as a control. After 2 days’ incubation inocu- 
lations were made from each tube onto 3 separate petri plates containing plain 
brain-heart infusion agar. In figure 2 are shown the results of 1 day of incuba- 
tion of these plates. 


Fig. 2. Qeeart Illustbatiwg the Effect of Spleen Extract on the Growth of Three 
Strains of Streptococcus Hemolyticus 



EXAIONATIOM OF PLATES 

3 days after inocu- 
lation 

5 days after inoculation 

7 days after inoculation 

Exp. 1, strep, strain 1 




Control plate 

Good growth 

Very good growth 

Very good growth 

Exp. plate 1, 0.5% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. plate 2, 1.0% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. 2, strep, strain 1 




Control plate 

Good growth 

Very good growth 

Very good growth 

Exp. plate 1, 0.6% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. plate 2, 1.0% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. 3, strep, strain 2 




Control plate 

Good growth 

Good growth 

Good growth 

Exp. plate 1, 0.5% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. plate 2, 1.0% spleen ext — 

No growth 

No growth 

No growth 

Exp. 4, strep, strain 2 




Control plate 

Good growth 

Good growth 

Good growth 

Exp. plate 1, 0.6% spleen ext. . 

No growth 

No growth 

No growth 

Exp. plate 2, 1.0% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. 6, strep, strain 3 




Control plate 

Good growth 

Good growth 

Good growth 

Exp. plate 1, 0.6% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. plate 2, 1.0% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. 6, strep, strain 3 




Control plate 

Good growth 

Good growth 

Good growth 

Exp. plate 1, 0.6% spleen ext. . . 

No growth 

No growth 

No growth 

Exp. plate 2, 1.0% spleen ext. . . 

No growth 

No growth 

No growth 


From this it is quite evident that the extract is definitely germicidal, since mere 
inhibition in the tubes would have manifested itself by growth when the cultures 
were transferred to petri plates, as was the case with the plate cultured from the 
control tube (cf. fig. 3). 

In order to determine the lowest concentration of the extract which was effec- 
tive, a series of tubes containing brain-heart infusion broth and varying concen- 
trations of spleen extract ranging from .06 to 1.0 per cent (.05, 0.1, 0.2, 0.5, 1.0 








Fig. 3. Chart Skowino Spuibn Extract to Bb Gbbmiczdal and Not Mbbblt Inhibitory 
FOR Thrbb Strains of Strbptocogcus Hemoltticus 


EXAIONATXON Ol* TUBES AMD PLATES 

at— 



2 days after tube 
inoculation 


3 days after plate 
inoculation 

5 dsys after plate 
inoculation 

7 days after plate 
inoculation 

Exp. 1, strep, strain 1 






Control tube 

Good growth 


Good growth 

Good growth 

Good growth 

Exp. tube 1 

0.6% spleen ext 

No growth 


No growth 

No growth 

No growth 

Exp. tube 2 

1.0% spleen ext 

Exp. 2, strep, strain 2 

No growth 

1 

■3. 

No growth 

No growth 

No growth 

Control tube 

Good growth 

d 

Good growth 

Good growth 

Good growth 

Exp. tube 1 

0.6% spleen ext 

No growth 

0 

0 

0 

No growth 

No growth 

No growth 

Exp. tube 2 

1.0% spleen ext 

Exp. 3, strep, strain 3 

No growth 

1 

1 

No growth 

No growth 

No growth 

Control tube 

Good growth 

Good growth 

Good growth 

Good growth 

Exp. tube 1 

0.6% spleen ext 

No growth 


No growth 

No growth 

No growth 

Exp. tube 2 

1.0% spleen ext. 

No growth 


No growth 

No growth 

No growth 


Fig. 4. Chart Illustrating Lowest Concentration of Spleen Extract Germicidal 

for Streptococcus 
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3 days after Inocu- 
lation 

5 days after inoculation 

7 days after inoculation 

Exp. 1, strep, strain 1 

Control tube 

Good growth 
None 

None 

None 

None 

Slight growth 

Very good growth 
None 

None 

None 

None 

Good growth 

Very good growth 
None 

None 

None 

None 

Good growth 

Exp. tube 1, 1.0% spleen ext — 
Exp. tube 2, 0.6% spleen ext — 
Exp. tube 3, 0.2% spleen ext — 
Exp. tube 4, 0.1% spleen ext.. . . 
Exp. tube 6, .06% spleen ext.. . 

Exp. 2f strep, strain 2 

Control tube 

Good growth 
None 

None 

None 

None 

Slight growth 

Very good growth 
None 

None 

None 

None 

Good growth 

Very good growth 
None 

None 

None 

None 

Good growth 

Exp. tube 1, 1.0% spleen ext — 
Exp. tube 2, 0.6% spleen ext — 
Exp. tube 3, 0.2% spleen ext — 
Exp. tube 4y 0.1% spleen ext.. . . 
Exp. tube 6, .06% spleen ext.. . 

Exp. 3, strep, strain 3 

Control tube 

Good growth 
None 

None 

None 

None 

Slight growth 

Very good growth 
None 

None 

None 

None 

Good growth 

Very good growth 
None 

None 

None 

None 

Good growth 

Exp. tube 1, 1.0% spleen ext — 
Exp. tube 2, 0.6% spleen ext.. . . 
Exp. tube 3, 0.2% spleen ext.. . . 
Exp. tube 4, 0.1% spleen ext — 
Exp. tube B, .06% spleen ext.. . 
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per cent) were prepared. After inoculation and incubation of 7 days, growth 
occurred only in the control and the tube containing .06 per cent spleen extract 
(cf. fig. 4). Inoculation from these tubes onto petri plates showed no growth in 
concentrations as low as 0.1 per cent, thus indicating 0.1 per cent to be the lowest 
concentration which was germicidal for the organism. In connection with this 
it is interesting to note that, in an attempt to isolate the active factor from the 
spleen extract, one-half of the initial 2 g. of solid secured was found to be inactive 
salt, probably derived from the Drew’s solution, so that the 0.1 per cent of solid 
which proved germicidal in the above experiment, really represented only .05 
per cent of active material or 1 part in 2,000. 

The preceding experiments were repeated on the 3 strains of hemolytic strep- 
tococci using beef spleen extracts prepared in a manner identical to that for the 
human spleens. Similar results were obtained in every instance. Preliminary 
experiments on other organisms, including pneumococci, staphylococci, and 
escherichia coli, seem to indicate that the germicidal effect of both the human 
and beef extracts is specific for streptococci. 

DISCUSSION 

From the foregoing work there is no doubt that the spleen contains some factor 
(or factors) which in tdiro have a bactericidal effect on hemolytic streptococci. 
Whether or not this factor is concerned in the specific resistance of the organ is 
at present difficult to say. It may be stated, however, that from its ability to 
withstand sterilization, even in acid solution, and its extreme stability to light 
and air, the substance is of a different nature than the so-called ‘‘antibodies” 
and other defense mechanisms concerned in natural and acquired immunity. 
The factor appears to be of the nature of a distinct chemical substance, capable 
of being isolated by chemical procedure. This is in accordance with the findings 
of other members of our laboratories who have isolated, from other sources, 
inhibitory and stimulatory factors of a similar nature. 

Work is now in progress on the toxicity of this extract and its relative merits 
in vivo on streptococcic infections in animals. 

SUMMARY 

1. A factor has been obtained from both human and beef spleens, which in 
vitro shows germicidal activity for Streptococcus hemolyticus in concentrations as 
low as 0.1 per cent (1:1,000, 1:2,000). 

2. The factor appears to be of the nature of a distinct chemical substance 
which is resistant to heat and acid, 

3. This factor might account, to some degree, for the inherent resistance of the 
spleen to infection. 
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Koch first (Icscrilx'd tlic beaded forms of the tub(‘i'cl(‘ bacillus and regarded 
the beads as (evidence of spon' formation. Later invtvstigators attempted to 
corndate the beach'd forms with the age and the vii'ulencc' of the microorganism. 
These studies, however, have' not })e('n fully confirnu'd. 

In the present papc'r, data will be submitted to show that the beads exhibited 
by tubercle bacilli stainc'd with carbol fuchsin an' greatly influenced l)y the 
prei)aration of the dye used, by the' presence of ('lecdrolytes in the' system, 
and by subseciuent washing with alcohol and otlu'r organic solvents. 


KFFKC4’ OF KLECTHOLYTES 

A four- weeks-old culture' of virulent tubercle ])acilli. Strain H37, grown in 
Long’s synthc'tic medium, was transfc'rred to a Buchnei* filtei*, and th(' bacilli 
frc'cd from tlu' mc'dium by washing with distilled watc'i*. TIh' waslu'd ]>acilli 
w('re ground in an agatc' mortar and then suspc'iuh'd in distilled watei*. Twenty 
films of tubei-cle bacilli were* ])re])ared by s})reading oiu' loopful of this suspension 
on clean glass slides. The films wt'n* air-dri('d. The solution of carbol fuchsin 
used in this ('xix'riment was prepared as follows: To 10 ml. of a saturated solu- 
tion of pararosaniline hydrochloride (Lot ^9155 from the National Aniliiu' 
Company, Buffalo, N. Y.) in 95 per cent ethyl alcohol, there were added 10 ml. 
of alcohol and 180 ml. of 5 pc'i* cent acpieous pla'iiol. This solution of carbol 
fuchsin was divided into two parts: 

A. 95 ml. carbol fuchsin + 5 ml. distilled water. 

B. 95 ml. caii)ol fuchsin + 5 ml. 10 pc'r cent NaCd solution. 

Ten films were flooded vith solution A (no salt) and ten films with solution B. 
Th(' slides were' heated in an electric oven at 90 "^C. for twenty minutes. The 
excess dye was poured off, the slides washed with acid alcohol for thirty seconds, 
and th('n thoroughly washed with distilled water and air-dried. 

On microscopic examination, th(' })reparations staiiK'd with solution A (no 
salt) r('V('aled the bacilli to b(' solidly staiiK'd, with a slight purplish tinge; no 
beads could be sec'ii in the cellular bodies (fig. 1). On the contrary, the prepa- 
rations stained with solution 1^ (i.e., in the presence of Nad in final concentration 
of 0.5 per cent) showed intense beading. In many instances the beads \\ithin 
the bacilli gave the appearance of a chain of cocci. The beads were of a dark 
purplish color, wlu'reas the cellular body itself was of a faint pink tinge. Each 
bacillus exhibited from 1 to 5 beads, irregular in distribution and of a diameter 
greatly exceeding that of the bacillus itself (fig. 2). This expc'riment was 
rep(^ated and confirmed many times. 
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Similar lusults w(‘iv ol)iaine(l when ilu' following ek'clrolytes w(‘iv used insU'iid 
of sodium (‘liloridc*: sodium acetiitt*, sodium nilnih', sodium sulhii(‘, zinc uc(‘la1<‘. 
Unsat ishicl-ory Ix'iuling was ol)tain(‘d with calcium chloride', arse'iiic pentoxide' 
and glucose*. 

As will be stated later, the addition of NaUl to othe'r samples of basic fuchsin 
invariably i)rodu(*ed an incre'ase* in the number of beads. 

EFFErr OF WASHING THE STAINED PUEPAHATIONS WITH ALCOHOL 

A numbc'r of films of tubercle' baenlli WTre stained as elescribed above' using 
again pararosaniline' hyelrochloride (Lot ^9155, National Aniline Uo.) in the' 
presence* eif NaUl (Solutie)n H, ahem*). Followmig de*e*e)le)rization with aciel 
alcohe)!, se)me* e)f the* slieles we*i*e washed fe)r thirty seconds with 95 per cent e'thyl 


'll 


a: 






» I 


Fig. 1 Fig. 2 P'ig. 3 

Fig. 1. Film of Titbkrole Bacilli Stained with Carbol Fcsi hin 
No (*l(H*trolytPs added to staininji; system Tlie bacilli are solidly stained, 

no beads 

Fi(! 2, Film ok Tchfri le Bacilli Stained with Uarbol Fiutisin 
Flectroiytes added to the staining system Bacilli show intense beading* 

Fkj. 3. The Film of Beaded Ti berc le Bai illi, Fk;. 2, Was Washed an ith IOthyl Ali’ohol 

95 Per Cent 

The beads have disapjieared and tlie bacilli are solidly stained 


tilcohol (no HUl aelded). All sliele*s wtix* then washe'el with distille*d wate'r and 
air-drieel. 

On microscopic e^xaminatiem, the films which hael be'e'n treat e'd only with aciel 
ale*ohol, again showe'el the* jirese'nce of numerems large purple beaels. On the 
ceint-rary, the pre*i)aratie)ns which had be'em washed with ne*utral alceiheil folleiwing 
decolorization with aciel alcoheil sheiweel bacilli ewenly staine*d, eif a iiink cedeir. 
In only twei of the ten preparatiems were be'ads found and the'ii einly in ve'ry 
small numbers (fig. 3). 

It has been ceinfirmed with eithe'r samples eif fue*hsin that- a final washing with 
nenitral ale*ohol greatly elecrease^s the number eif beaels. Medhyl alcoheil, n-propyl 
alcohol, and iseipropyl ale*e)hol have* the same prope'rty. The actiein eif ace*tone 
is at best very sleiw tind eleiubtful. Ethyl ether, chloroform, carbon-tetra- 
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chloride, benzene, toluene, xylol, aniline oil, isobutyl alcohol, amyl alcohol, 
caprylic alcohol are completely inactive. It may be stated at this time that 
when stained films are immersed in hot water (95®C.) for three to five minutes, 
one observes first destruction of the beads, then a more or less complete decolor- 
ization of the whole preparation. 

The process of destruction of the beads by washing with neutral alcohol can 
be directly observed in wet preparation under the microscope by the following 
technique: A film of tubercle bacilli prepared on a thin coverslip is stained in 
the presence of salt as described above to cause the production of the typical 
beads. The stained coverslip is inverted over a hollow glass slide, the stained 
surface downward. The coverslip is sealed with vaseline, care being taken to 
leave between the coverslip and the well of the hollow slide, an opening large 
enough to insert a Pasteur pipette. By proper focusing, the stained micro- 
organism and beads can be readily seen with the oil immersion lens. By means 
of a Pasteur pipette, enough neutral alcohol 96 per cent is then introduced into 
the well of the hollow slide to come in contact with the stained microorganisms. 
By keeping the stained microorganisms in focus, during the observation, it can 
be seen that the beads disappear very rapidly upon contact of the alcohol with 
the surface area, leaving the microorganisms of a pink color and evenly stained. 
Not infrequently the destruction of the beads is delayed, affording an oppor- 
tunity to observe more closely the manner in which they disappear. The beads 
first elongate, then change in color from purple to pink, and finally merge with 
the body of the bacillus, which then assumes its natural rod-shape form and 
becomes solidly stained. 

The formation of the beads likewise may be observed. A film of tubercle 
bacilli on a coverslip is stained with carbol fuchsin and sealed as described above. 
The stained preparation is flooded with acid alcohol until the color of the micro- 
organism changes from red to purplish blue, approximately thirty seconds. 
The acid alcohol is then removed and replaced with distilled water. The water 
is repeatedly changed in order to remove the acid alcohol from the well com- 
pletely. After the bacilli are in contact with the water for about two minutes, 
the beads appear, but so suddenly that it is not possible to follow their develop- 
ment. The body of the bacillus usually assumes a light pink color when the 
beads are formed. 

EFFECT OF DIFFERENT SAMPLES OF BASIC FUCHSIN 

For the sake of clarity, only experiments performed with one single sample of 
dye have been described so far. In fact, the production of beads in films of 
tubercle bacilli stained by the Ziehl-Neelsen technique is greatly influenced by 
the sample of the dye used. Some dyes cause beading in the absence of electro- 
lytes. With others, the addition of the electrolyte is necessary to produce the 
effect. Whenever they occur, washing with neutral alcohol at the end of the 
staining process results in the disappearance of the beads, or a great reduction 
in their number. 

It may be of some interest to summarize briefly the properties of some of the 
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TABLE 1 

The effect of the preparation of baatc fuchein, of the dilution of the dye^ and of sodium chloride 

on the heading of tubercle bacilli 


DYE T7SED 

souses 

SOLU- 

BILITY 

IN 95 
PSK CENT 

ASH 

FINAL 

CONCEN- 

TBATION 

BSADINO 



ALCOHOL 


OF DYE 

Without NaCl 

With NaCl 



percent 

percent 

percent 



Pararosaniline ace- 

National 

13.0 

1.99 

.3 

Few beads 

100% 

tate, lot ^ 8772 

aniline 



.14 

No beads 

96% 

Pararosaniline ace- 

Coleman 

7.42 

.16 

.5 

60% 

100% 

tate, no lot number 

and Bell 



.3 1 

20-30% 

100% 





.14 

No beads 

60% 

Pararosaniline ace- 

National 

11.42 

.03 

.6 

60% 

100% 

tate, lot /f^6820 

aniline 



.3 

Few beads 

80% 





.14 

No beads 

60%, beads small 

Pararosaniline hy- 

Coleman 

6.06 

.4 

.5 

No beads 

Many beads 

drochloride, no lot 
number 

and Bell 



.3 

No beads 

Many beads 

Pararosaniline sul- 

National 

1.4 

0.0 

.14 

No beads 

Few beads 

phate, lot 3211 

aniline 






Basic fuchsin NF 31, 

National 

9.45 

.93 

.5 

Many beads 

Many beads 

pararosaniline ace- 

aniline 



.3 

Many beads 

Many beads 

tate 




.15 

Nearly 100% 

Many beads 






but not 
large or 
distinct 






.075 

6% beads but 

Few beads 






not large or 
distinct 


Basic fuchsin CE 16, 

Coleman 

6.21 

.02 

.6 

No beads 

Few beads 

rosaniline hydro- 

and Bell 



.3 

No beads 

Few beads (?) 

chloride 




.16 

No beads, 

No beads, better 






faintly 

stained 

stain 

Basic fuchsin, ros- 

Coleman 

6.07 

.01 

.5 

60-70% beads 

100% 

aniline hydrochlo- 

and Bell 



.3 

No beads 

90% 

ride, lot 391205 




.16 

No beads 

60%, indistinct 





.076 

No beads 

10-20% 

Pararosaniline hy- 

National 

6.87 

1.17 

.3 

No beads 

100% 

drochloride, lot 
ff(9155 

aniline 



.14 

No beads 

Very few beads 


dyes which we have studied. It is noteworthy that solutions of the acetate 
and hydrochlorides of pararosaniline exhibit some striking physical differences; 
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the acetates appear as pinkish, opaque colloidal suspensions, whereas the hydro- 
chlorides are transparent, of a deeper purple color. Addition of salt to the 
hydrochloride solution renders them opaque and pink, like the acetates. 

EFFECT OF DILUTION OF DYES 

As will be seen from the results presented in table 1, some of the dyes which 
failed to give beads when used in the usual concentration, in the absence of NaCl, 
did give some beads in the absence of salt when the dye concentration was greatly 
increased. Conversely, it has been found that the ability of any dye to produce 
beads in the presence of NaCl is much decreased when the dye concentration 
is reduced. This is illustrated in the following experiment: The pararosaniline 
hydrochloride Lot ;f^9155 of the National Aniline Company, when made in 
0.3 per cent dilution, gives a slightly opaque solution on addition of 5 per cent 
aqueous phenol. When used in the Ziehl-Neelsen technique on tubercle bacilli. 
Strain Ha?, this dye solution does not produce any beads in the absence of NaCl, 
whereas all bacilli are beaded when 0.5 per cent NaCl is added to the staining 
mixture. When used in concentration of 0.14 per cent, the same dye gives a 
clear solution on addition of phenol. Tubercle bacilli stained with this solution 
show only a few scattered beads even in the presence of NaCl. 

A concentration of 0.3 per cent of the pararosaniline acetate (Lot ^8772, 
National Aniline Co.) gives a very opaque suspension on addition of phenol. 
Under these conditions, this dye gives a few beads even in the absence of NaCl, 
and marked beading of all bacilli in the presence of the salt. When the same 
dye is used in a final concentration of 0.14 per cent, a slightly opaque solution is 
obtained on addition of phenol. This more dilute preparation gives no beads at 
all in the absence of NaCl, and only partial beading of the bacilli in the presence 
of the salt. 

As will be seen in table 1, the pararosaniline sulfate (Lot ^3211, National 
Aniline Co.) is only poorly soluble in alcohol, and when used in final concentra- 
tion of 0.14 per cent gives only very few beads even in the presence of salt. 

DISCUSSION 

The observations described in the present paper indicate that the presence 
of beads in films of tubercle bacilli stained by the Ziehl-Neelsen technique 
depends not only upon the existence of structures of the bacterial cell, but to a 
large extent upon the conditions under which the staining reaction is carried out. 
Films prepared from the same suspension of tubercle bacilli and stained under 
the same conditions, may present uniformly, solidly-stained bacilli, or bacilli 
exhibiting beads in varying number, depending on the preparation of carbol 
fuchsin used. Addition of small amounts of electrolytes to the dye solution 
greatly increases the number of beads with all dyes, even mth those which never 
produce any beads in the absence of salt. In preparations stained in the presence 
of salt, the bacilli often appear as chains of heavily-stained purple bodies, larger 
than the diameter of the cell proper, whereas the body is stained only faintly 
pale pink. The production of beads is much decreased even in the presence of 
salt, when the dyes are used in lower concentrations than is the usual practice. 
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In all cases, washing of the stained preparations with neutral alcohol (following 
decolorization with acid alcohol) removes practically all the beads and leaves 
most of the bacillary bodies as evenly-stained rods of a pink tinge. The pro- 
duction of beads by the addition of electrolytes to the staining system, and their 
destruction with neutral alcohol can be seen directly under the microscope when 
stained preparations are treated with these reagents on a coverslip using a hollow 
slide, and this holds true for cultiu^s of virulent and avirulent tubercle bacilli, 
and for tubercle bacilli present in sputum, pleural fluid, etc. The addition of 
electrolytes to the solution of carbol fuchsin causes a precipitate, which, when 
separated by centrifugation, is readily soluble in alcohol; these observations 
suggest that the bead formation observed in the presence of salt, or even without 
salt in the case of some samples of dyes, may be essentially nothing but a pre- 
cipitation of the dye on the surface of, or within the bacterial cell. Whether 
definite cellular structures participate in the phenomenon by providing a nucleus 
which facilitates the reaction, or whether the phenomenon is only a physical 
artifact, cannot be decided at the present time. It appears justified, however, 
to suggest that before any attempt can be made to correlate the staining char- 
acter of the tubercle bacillus with its biological properties (age, virulence, etc.) 
it is essential to gain a better imderstanding of the many factors which affect 
the result of the staining process. In addition to the type of beads described in 
the present study, there are, of course, the tiny granules seen in tubercle bacilli 
stained by the Ziehl-Neelsen technique, particularly noticeable in old cultures. 
The granules, unlike the typical beads, do not disappear when washed with 
neutral alcohol, and appear, therefore, to be of a different nature. 

SUMMABT 

The production of beads in films of acid-fast microorganisms stained by the 
Ziehl-Neelsen technique is greatly influenced by the preparation of basic fuchsin 
used in the staining process, and by the concentration of the dye solution. 

With all preparations of fuchsin, addition of electrolytes greatly increases the 
number of beads. Washing of the stained preparation with neutral alcohol, 
following the decolorization with acid alcohol, destroys all, or a large majority 
of the beads. 

The effect of electrol}'tes and of alcohol on the production and destruction of 
the beads can be directly followed under the microscope in wet preparations. 

We wish to acknowledge our thanks to Dr. Iten6 J. Dubos of the Rockefeller 
Institute for many helpful suggestions. 
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INTBODUCTION AND HISTORICAL REVIEW 

The frog has long been used as an experimental subject in various fields of 
research, yet rarely have reports been published concerning diseases to which 
it is naturally susceptible. 

The first investigations on septicemic diseases of frogs were apparently those 
of Ernst (1890), who reported the isolation of a bacterium from the blood of 
infected frogs. 

A year later Sanarelli (1891) described an organism isolated from frog’s blood. 
He named it Bacillus hydrophilus fuscus. He did not believe it to be identical 
with that reported by Ernst. Sanarelli found that Bacillus hydrophilus fuscus 
was pathogenic for such cold-blooded animals as the frog, toad, salamander, 
lizard, sunfish and the fresh water eel. He also observed that injection of this 
organism into warm-blooded animals (guinea pig, rabbit, dog, cat, mouse, chicken 
and pigeon) resulted in death within a relatively short time. He described the 
growth of the bacillus on plain agar, glycerol agar, gelatin, blood serum and 
potato, and suggested that its natural habitat is water, since he found it to be 
present in two of twenty-six water supplies examined by him. 

In 1893 Trambusti isolated what proved to be the same species from diseased 
frogs in his laboratory. His investigations of Bacillus hydrophilus were primarily 
concerned with the isolation of certain toxic metabolic products produced by it. 
He concluded from his experiments that the toxic products were of two kinds, 
one soluble and the other insoluble in alcohol. He made an attempt to deter- 
mine the physiological action of both of these agents, and also of pure cultures 
of the organism, upon experimental animals. 

An epizootic disease among frogs was described in 1893 by Roger. He found 
that the viscera and blood of these amphibia contained a small bacillus in pure 
culture. The same organism was easily obtained from the water of the aquarium 
which housed the infected frogs. From these observations this worker concluded 
that the organism was the same as that which Sanarelli had observed in a similar 
epizootic. A brief description was given by Roger of the gross pathological 
findings, in which he emphasized the appearance of general hemorrhagic areas 
in all species of artificially infected animals. 

The first adequate description of the morphological, cultural, biochemical and 

^ The material published in this paper was taken from the thesis presented by the junior 
author in partial fulfillment of the requirements for the Master of Science degree at the 
University of Connecticut. For brevity, considerable detail has been omitted. For fur- 
ther detail, readers are referred to the thesis in the University of Connecticut library. 
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pathogenic properties of BclciIIus hydrophilus was published by Russell in 1898, 
and his findings confirmed much of the work of Sanarelli and Trambusti. He 
made an extensive study of the gross pathological and histopathological findings 
of diseased frog tissues. His investigations on the metabolic products derived 
from the microorganisms showed that they elaborated two potent toxins, as 
was previously reported by Trambusti. One of these toxins resembled digitalis 
in its action, and the other veratrin. Russell concluded that no definite state- 
ment could be made concerning the route of infection in frogs. He thought, 
however, that infectious material was brought to the laboratory with the frogs 
and that infection became established through superficial skin lesions. 

The common name of this frog disease in this country and in Canada is 
‘‘red-leg.^’ This designation first appeared in an article by Emerson and Norris 
in 1905. They claimed that the name is ideally suited, since it attracts attention 
to the most outstanding pathognomonic lesion common to diseased frogs, namely 
petechial haemorrhages on the surface of the abdomen and legs, varying from a 
light red to a deep scarlet color. Although these investigators observed some 
variation from the morphology as described by previous workers, they identified 
Bacillus hydrophilus fuscus of Sanarelli as the essential etiological agent. In 
the course of their studies they made several original observations both upon 
the pathological state of frogs and upon the products of the bacterial cultures. 
A series of carefully controlled experiments demonstrated that, while temper- 
atures slightly above freezing have no harmful effect upon frogs, such temper- 
atures completely control all manifestations of the disease in inoculated or 
naturally diseased frogs. They also found that the severity of the infection was 
definitely correlated with the destruction of the erythrocytes of the. diseased 
frogs. This they believed was due to the action of the microorganism directly. 
Emerson and Norris concluded that the disease had a wide distribution through- 
out North American and Europe. 

The substitution of the name Proteus for Ba^cillus originated with Weldin and 
Levine (1923). Bergey (1939) recognized the etiological entity of ‘‘red-leg” as 
Proteus hydrophilus. Throughout the remainder of this investigation, there- 
fore, the species will be referred to as Proteus hydrophilus, 

GROSS PATHOLOGY OF “rED-LEG” DISEASE IN FROGS 

The information presented here on the gross pathology of “red-leg” disease 
in frogs was secured by observing over a hundred spontaneously infected animals 
and an additional thirty which were artificially infected with pure cultures of 
Proteus hydrophilus. 

The malady which resulted from either spontaneous or artificial infection of 
frogs with P, hydrophilus was characterized at the onset by a distinct sluggish- 
ness of the diseased animal. Within one or two days hemorrhagic areas more 
or less uniform in appearance were observed on the ventral surface of the body. 
An extensive edema of the abdomen and thighs occurred several hours before 
the frogs succumbed to the disease. 

Post-mortem examinations consistently revealed the presence of considerable 
edematous fluid beneath the skin of the abdomen and thighs. Small hemorrhagic 
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areas were occasionally seen on the surface of the tongue accompanied by a 
slight amount of blood-tinged exudate in the mouth. Multiple petechial hemor- 
rhages were always observed on the surface of the abdominal and thigh mus- 
culatures. In a few instances small ulcers penetrated from the abdominal 
cutaneous tissue to the rectus abdominal musculature. The peritoneal cavity 
of medium-sized infected frogs contained two or three milliliters of a hemolyzed 
bloody exudate in which were found large numbers of the infecting organisms. 

The heart muscle was always pale and flaccid. In many of the infected frogs 
the lungs appeared highly congested, while in others no abnormal changes were 
noticed. A parasite, which is probably Distonum cylindraeceum, was obtained 
from the lungs of approximately one-fourth of the frogs examined. 

The blood vessels on the surface of the stomach and intestine were intensely 
congested, while the organs themselves appeared greatly distended. An ex- 
tremely viscid, bloody material exuded from both the stomach and the intestine 
when they were severed. The fluid of the gall bladder varied from a light yellow 
to a deep green color. It is of interest to note that Proteus hydrophilus was 
easily isolated in relatively large numbers from the yellow fluid, but rarely from 
the deep green fluid of the gall bladder. The liver appeared dark brown and 
mottled. The spleen seemed considerably enlarged and roughened due to the 
presence of abnormal uniform profusions of the spleenic capsule. No abnormal 
changes were observed in the kidneys. 

Proteus hydrophilus was readily recovered from the various organs and the 
exudate and blood of infected frogs. Many of the data obtained were in agree- 
ment with the findings of Russell (1898) and Emerson and Norris (1905). The 
last two workers observed that a large number of infected frogs which presented 
only small areas of congestion and few vesicles recovered within a few weeks 
after the onset of the infection. In the present investigation recovery of frogs 
from “red-leg^’ disease was never observed after the clinical symptoms were 
once apparent. 

In several instances Proteus hydrophilus was obtained in pure culture from the 
heart blood of dead frogs in which no clinical manifestations or gross pathological 
changes were observed. If we assume that the death of the amphibia was 
caused by invasion of Proteus hydrophilus^ the absence of any apparent lesions 
may be explained on the basis of extreme susceptibility on the part of the host. 
Topley and Wilson (1936) state that when the host possesses no immunity to 
the etiological entity, it will succumb to a bacteremic infection in which local 
lesions are rarely observed. 

METHOD OF ISOLATING PROTEUS HYDROPHILUS AND HISTORY OF CULTURES 

Blood broth and blood agar having the following basic composition were the 
mediums used in isolating the organism: 


per cent 

Bacto peptone 1.0 

Savita (yeast concentrate) 1.0 

NaCl 0.5 

Distilled water 
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Agar (1.8 per cent) was added to the above, in the preparation of a solid 
medium. The addition of three per cent by volume of sterile defibrinated blood 
completed the formula. 

For primary isolation, a loopful of material (usually heart’s blood) was trans- 
ferred to a tube of blood broth. A second loopful was streaked over the surface 
of a blood agar plate. Usually, there was good colonial growth on the blood 
agar plate after from 24 to 48 hours’ incubation. Occasionally, no colonies de- 
veloped on the agar but there was growth in the blood broth. In such cases 
streak plates from these broth cultures yielded good growth of the organism. 
All broth and agar plate cultures for primary isolation were incubated at 25®C. 

One hundred and twenty-one strains were isolated from 96 sources, most of 
these being infected frogs. The discrepancy between the total number of isola- 
tions and the sources can be explained by stating that in several instances two 
isolations were made from the same animal, one from the heart blood and one 
from the gall bladder. Eight strains were secured from dead frogs which showed 
no gross pathological evidence of ‘‘red-leg” disease. Ten isolations were made 
from aquarium water in which infected frogs were kept. Eighteen came from 
either the heart’s blood or gall bladder of apparently healthy frogs. Three 
strains were obtained from the water of an aquarium containing frogs which 
appeared healthy. After assurance that the isolations were pure, they were 
grown and stored on blood agar slants. 

CELL MOKPHOLOGY AND GKOWTH STUDIES 

Primary isolations of Proteus hydrophilus may possess as many morphological 
variations as the species has had names in the past. In smears made from the 
heart’s blood of infected frogs and stained by Wright’s method (Gradwohl, 1938) 
the organism presented a wide variety of shapes. Plump, short, encapsulated 
diplobacilli measuring approximately 2.0 microns in length and about 0.8 
micron in width predominated. The ends of many cells were rounded, while 
others were truncate or pointed. Bipolar staining was usually observed in the 
cells having rounded ends. Clavate and elongated dumb-bell forms were present 
to a considerable extent in the smears. Filamentous variants were never ob- 
served. Encapsulated coccobacilli and lance-shaped varieties of the organism 
were fairly common. Narrow elongated granular forms were present in very 
small numbers. These observations were made on heart’s blood from which 
Proteus hydrophilus was obtained in pure culture. 

When grown on standard nutrient agar for a period of 18 hours at 30®C. and 
stained by Gram’s method, Proteus hydrophilus appeared as a gram-negative 
straight rod with rounded ends and measured about 2.5 microns by 0.6 micron. 
Under these conditions the organism occurred either singly or in pairs. Irregular 
forms such as coccobacilli and clavate types were occasionally seen, Bi-polar 
staining was a very characteristic feature of newly isolated strains. The 
organism was non-sporing. It possessed a capsule and a single flagellum which 
was readily demonstrable by Liefson’s method of staining (1930) (Figure 1). 
Bergey (1939) states that this organism has peritrichous flagella, but Russell 
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(1898), on the other hand, reported monotrichous flagellation. In the present 
study no non-motile strains of Proteus hydrophilus wore observed following their 
growth in nutrient broth at 30°C. for 18 hours. 

Two strains, P 2 and H-f-1, w(Te selected as n'presentative of the entire group 
of isolations and were subjected to further study. Thes(‘ two strains differed 
from each other only in their serological relationships. When grown on standard 
nutrient agar plates for 24 hours at 37°C^, the translucent colonies which formed 
were approximat(4y 2 mm. in diameter and were (TC^amy white in (?olor. They 
were slightly convex and circular in api)earance, with an entire edge. The 
internal structure was finely granular and the surface smooth and moist. (Irowth 
was buty rolls in consistency. The swarming phenomenon described by ('antu 
(1911) and Moltke (1927, 1929) as being characteristic for members of the 



Fm. 1 FLArjpa.LA of Protkt^r hydrophilf.s 


Proteus genus was never observed when Proteus hydrophilus was culturc'd on 
moist standard nutrient agar plates or on any other solid medium. 

When grown on 3 per cent ox blood Savita agar plates which wi^re incubati'd 
at 37°(\ for 24 hours, the two strains produced circular colonies ap])roximately 
3 mm. in diameter, surrounded by a zone of beta type hemolysis which was 
about 1^ mm. in diameter. Tlu' colonies were convex, finely granular, smooth, 
moist and glistening, with an entire edge. Although they seemed to be creamy 
white in color, a slight brownish tinge was observed in th(' peripheral iiortion. 
This effect may have been produced initially by the red color of the medium; 
in older cultures, however, it was observed to be a characteristic property of the 
colony. Distinct central and peripheral areas were siien in all colonies. 

(Growth on agar slants occurred readily at 30°C. Following an incubation 
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period of 48 hours, the creamy white growth was abundant, vslightly spreading 
and possessed an undulate edge. The surface was smooth, moist and raised. 
Old agar slant cultures occasionally became yellowish in color. 

Standard nutrient broth was a very satisfactory medium for growth of the 
organism. Multiplication in this medium was very rapid during a 24-hour 
incubation period at either 30°C. or 37°C. A dense uniform turbidity was 
always seen in the cultures examined and a deposit was usually present which 
broke up completely when the tube was shaken. Occasionally surface pellicles 
were observed in young cultures. Old broth cultures possessed an offensive odor. 

BIOCHEMICAL STUDIES 

With only slight difference's here and there, the various strains had the follow- 
ing biochemical propertie\s. 

Acid and gas were produced from glucose, fructose, galactose, maltose, sucrose, 
salicin and starch. Raffinose, sorbitol and xylose were not attacked, and action 
on lactose' was, at best, weak anel should be describee! as doubtful. Napiform 
liquefaction occurred in gelatin tubes. Indole was produced and H 2 S also 
was formeel. All strains were Voges-Proskauer positive' and all failed to grow 
in Ke)ser\s citrate broth. Methyle'ne-blue milk was reeluced and a rennet curd 
withe)ut aciel production was forme^d, followed by peptonization of this curd. 
Ox, sheep, rabbit, horse and fowl erythrocytes were hemolyzexl. Urea was not 
attacke'd, in strong contrast to several strains of Protevs vulgaris whic4i were 
urea-positive. 

Moltke (1927) stated that two very important properties which distinguish 
the Proteus group from other gram-negativ(', gelatin-liquefying, rod-shaped 
bacteria are the production of H 2 S and the d(^composition of urea. Wolf (1918- 
19) isolated three members of the Proteus genus from three different infections 
in man and found that they hydrolyzed urea with the formation of ammonia. 
Approximately 43 per cent of the total nitrogen present in the given medium 
(urine or urine-containing m(Hiium) was transformed into ammonia. Taylor 
(1928) observed that urine contaminated with Proteus organisms possessed an 
offensive odor which eventually became ammoniacal. He concluded that sterile 
normal urine, when inoculated with Proteus strains from various sources (sup- 
purative' wounds, feces and urine), soon became ammoniacal and deposited 
phosphates. Minning and Ritter (1937) also reported that urc'a is hydrolyzed 
with ammonium production by members of the Proteus genus. 

The comparative action on urea of Proteus vulgaris and Proteus mirahilis 
(which are probably one and the same organism) and Proteus hydrophilus was 
studit'd. 

Th(^ first medium employed was that of Murray (1910), but none of our cul- 
tures would grow in it. Next, a medium of the following composition was used: 


per cent 

NaCl.... ... . 0.5 

K 2 HPO 4 0.2 

MgS04 . 0.5 

Glucose ... 1.0 

Urea . . 1,0 

Distilled water 
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This medium was sterilized by filtration. No growth occurred in it, but when 
meat extract in a concentration of 0.05 per cent was added all of the organisms 
grew. With the exception of Proteus hydrophilus, all of the cultures produced 
ammonia. To determine whether meat extract served as a source of ammonia, 
it was substituted in the original formula for the urea. All species grew in it, 
but no ammonia was produced by any of them. It was concluded that the 
Proteus species other than Proteus hydrophilus do decompose urea. 

A few strains and also filtrates from broth cultures of some strains produced a 
startling zonation effect (Figure 2). This occurred in blood agar made with 
sheep, fowl, rabbit, horse and ox blood, but the greatc^st degree of zonation was 
noted in agar to which ox erythrocytes had been added. 



Fic;. 2. Zonation Effect of Proteus hydrophilt^s on Blood Acjak 

Brown (1919), Kortenhaus (1929), Rhodes (1938) and others have reported 
this zonation effect, called “Leisegang ring formation,” in blood-agar cultures of 
streptococci, staphylococci and pneumococci. This phenomenon has becm 
ascribed to a combination of chemical and physical factors. 

SEROLOGICAL STUDIES 

Antisera were prepared for several strains of Proteus hydrophilus, A study of 
these sera indicated that there were two distinct serological types of this organism 
in our collection, represented here by the P 2 and B-f-1 strains. It is interesting 
to note that of 24 normal rabbit sera examined, seventeen showed somatic ag- 
glutinins specific for B-f-1, while none reacted with P 2 . It is known that normal 
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rabbits often harbor Pasteurella cuniculicida (Bacillus leptisepticus) in their 
nasal passages de Kruif (1922), Webster (1924). This organism is associated 
with a disease in rabbits called ''snuffles.” Tt contains Forssman’s antigen 
f Zinsser et al, 1939). On this basis it is possible to explain the presence of so- 
called ‘^normal” agglutinins found in the serum of rabbits which are specific for 
the B-f-1 strain of Proteus hydrophilus. Only rabbits showing no agglutinins 
for either strain were used in the preparation of specific P. hydrophilus antisera. 

Using the above antisera, an attempt was made to determine the relation- 
ships of the different isolations to the above two strains. Both flagellar and 
somatic factors of the cell were considered in this study. It was found that, 
contrary to the observations of other workers, there was little difference betwetm 
the flagellar and the somatic titers. The fact that this species is monotrichous 
may help to explain this finding. 

The following conclusions are offen'd for this phase of th(' investigation: 

1 . Two distinct serological types of Proteus hydrophilus predominate'. 

2. Evidence points to the presence of other types of this organism not em- 
ployed in this study. 

3. More than one serological type of the pathogen may b(' isolated from the' 
body of an infected frog. 

4. Strains of Proteus hydrophilus vary in the degree of theii* antigenic rela- 
tionship to the B-f-1 and P 2 serological types, on tlu' ))asis of flagc'llar 
and somatic, agglutination reactions. 

5. Strains of the frog pathogen may possc'ss common somatic, but dissimilar 
flagellar, antigenic components for the serological type B-f-1 strain. 

0. The homologous flagellar titers of strains of B-f-1 and P 2 do not exc('ed 
the somatic titers of these organisms. 

HABITAT 

Bergey (1939) states that the habitat of Proteus hydrophilus is unknown. 
Sanarelli (1891) thought that the organism was a normal inhabitant of watei*, 
but he was able to isolate it from this source only twice in 2(3 attempts. 

In the present research the waters of seven aciuaria used to house appan'iitly 
normal frogs were examined and Proteus hydrophilus was isolated from thi*('(' 
of these sources. Procc'eding on the hypothesis that in this instance, as in 
many other infectious diseases, the healthy carrier may be the source of th(' 
organism, several frogs from each of the above acpiaria were autopsied. The 
internal organs appeared to be normal, and Proteus hydrophilus was isolated 
from the gall bladder of only three frogs. In these three cases, however, the 
fluid in the gall bladder was yellow in color, in contrast to the green-colored 
bile generally found in normal frogs. A fourth isolation was made from the 
intestine of another frog, but in no other instance was this organism recovered 
from animals which appeared healthy. 

It was easy, as a rule, to secure Proteus hydrophilus from the waters of aquaria 
which harbored infected frogs. However, in a few instances frogs that were 
segregated in small individual aquaria did not eliminate the organism, even 
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though pure cultures were secured from the gall bladder of these animals at 
autopsy. This is in agreement with the findings of Amoss (1922), Topley (1926) 
and Knorr (1926) in their study of laboratory rodents which were experimentally 
infected with members of the Scdmonella group. They concluded that these 
organisms may be eliminated continuously or intermittently in the feces or 
urine, being harbored in these instances in the spleen, liver, gall bladder and 
lymph nodes. Meyer, Neilson and Feusier (1921) claimed that in rodents sur- 
viving Salmonella infections the persistent carrier state resulted from a bacterial 
embolism in the gall bladder wall. 

The portal of entry necessary for Proteus hydrophilus to become established 
as an infectious organism in the frog appeared to be the abraded skin. Frogs 
experimentally scratched to break the skin and placed in water containing the 
organisms developed the typical disease very quickly. Attempts to produce 
the infection by feeding were unsuccessful. 

TAXONOMY 

Although the organism causing ‘^red-legs’* has been named differently by 
past investigators as Bacillus ranicida (Ernst, 1890; Weldin, 1926-7), Bacillus 
hydrophilus fuscus (Sanarelli, 1891), Bacterium hydrophilus fuscus (Chester, 
1897), Bacillus hydrophilus (Chester, 1901) and Bacterium ranicida (Lehman 
and Neumann, 1931), it is now known as Proteus hydrophilus. 

Bergey’s Manual (1939) recognizes the Proteus genus on the following basis: 

Highly pleomorphic rods. Filamentous and curved rods common as well 
as involution forms. Gram negative. Generally actively motile, possessing 
peritrichous flagella. Characteristically produce amoeboid colonies, etc., 
on moist media and decompose proteins. Ferment dextrose and generally 
sucrose, but not lactose. Do not usually yield a positive Voges-Proskauer 
test. Urea decomposed. 

Topley and Wilson (1936) agree with the above description of this genus 
and add that mannitol is fermented. 

Members of the Proteus genus cause coagulation and digestion of casein in 
milk, and indole may or may not be formed, according to the Medical Research 
Council (1929). Fifty-three strains of the Proteus group were examined by 
Taylor (1928) who found only three which produced indole. Moltke (1927) 
reported only 36 strains out of 194 examined as giving the reaction. 

As previously stated (Moltke, 1927; Wolf, 1918-9), urea decomposition and 
the production of hydrogen sulfide are claimed as important characteristics, 
distinguishing species of the Proteus genus from other gram-negative, gelatin- 
liquefying bacteria. 

Proteus hydrophilus, according to the present investigation, has the following 
properties which are characteristic of the genus: it is gram-negative, actively 
motile, gives rise to involution forms (present only in the animal body), fer- 
ments glucose and sucrose, and produces hydrogen sulfide. Its variable prop- 
erties include indole and acetyl-methyl-carbinol production and gelatin lique- 
faction. The absence of the “swarming” phenomenon, urea decomposition. 
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peritrichous flagella, filamentous and curved rod formation makes it differ 
from characteristics usually considered significant for the Proteus genus. 

TOXIN STUDIES 

Proteus hydrojMlus and bacteria-free culture filtrates of this organism are 
strongly hemolytic. 

An attempt was made to determine whether a hemotoxin was the lethal 
agent in mice dying from infection with Proteus hydrophilus. Erythrocyte 
counts were made on a series of eight adult mice. These mice were then inocu- 
lated with a lethal dose of Proteus hydrophilus. They were kept under close 
observation, and immediately after death the erythrocyte count was repeated. 
No deviation was found from the original average of 8,000,000 per cu. mm. 
which would seem to indicate that the mice did not die because of erythrocyte 
destruction. This parallels the observations of Zinsser, Enders and Fothergill 
(1939) regarding streptolysin and its relationship to streptococcal infections. 
They reported that hemolysin has little significance in the lethal effect of strep- 
tococci which are strongly hemolytic in vitro, 

A substance which was definitely toxic for mice, rabbits and guinea pigs was 
demonstrable in bacteria-free filtrates of Proteus hydrophilus broth cultures 
which were from six to thirty days old. Mice were more resistant to intra- 
peritoneal than to intravenous injection of this material. Heating such a 
filtrate to the boiling point for one hour reduced the toxicity for mice to about 
10 per cent of the original. This substance was quite stable when kept at 10°C. 
in the dark. Rabbits were given a series of sub-lethal intravenous injections 
of this filtrate, but the resulting antisera had no protective action for mice 
subsequently injected with the above filtrate. In contrast, mice immunized 
with Proteus hydrophilus bacterins were not killed by intravenous injection of 
this toxic substance. These experiments seem to indicate that the toxic material 
in old broth cultures of Proteus hydrophilus is endotoxic in nature. 

IMMUNOLOGICAL STUDIES 

Kulp, Lackman and Borden (1940) were able to immunize mice and leopard 
frogs against Proteus hydrophilus infection. They employed as immunizing 
antigen heat-killed suspensions of Proteus hydrophilus; also living and heat- 
killed suspensions of Proteus mirabilis. Successful immunization was secured 
in from 60 to 100 per cent of the animals tested. They were unable to deter- 
mine any antigenic relationship between the immunizing strains of Proteus 
vulgaris and Proteus mirabilis^ on the one hand, and the pathogen, Proteus 
hydrophilus^ on the other. 

This work was repeated and extended in the present investigation. Im- 
munization experiments were conducted with the two serological types of 
Proteus hydrophilus, B-f-1 and P 2 . It was shown that a bacterin of one of these 
types protects frogs against both strains. Antibodies could not be demon- 
strated in the blood of immunized frogs except in one instance where agglutinins 
were found in the blood of a large bull-frog which received repeated injections 
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of bacterin. In the experiments with mice the bacterin was prepared by alter- 
nate freezing and thawing of the suspensions until they were sterile. Cross- 
immunization was secured in mice with B-f-1 and P 2 bacterins prepared in 
this manner. Blood from mice immunized against one strain did not show the 
presence of either somatic or flagellar agglutinins specific for the other strain. 
Antiserum from mice immunized against P 2 bacterin did not confer passive 
immunity against B-f-1 and vice-versa^ nor did antisera prepared in rabbits 
against one of the above types protect mice passively against the other strain 
of this organism. 

An attempt was made to explain the mechanism of immunity in mice. A 
definite increase in leucocytes was noted in these animals, but since the study 
of the bactericidal power of the blood was made on the whole blood, the im- 
munity may not be entirely leucocytic. Borden (1936) found that blood from 
mice which had been immunized with living cultures of Proteus vulgaris and 
Proteus mirabilis was bactericidal for Proteus hydrophilus in vitro. It is quite 
possible that both humoral and cellular responses may be involved. This phase 
of the problem will be studied further. 

SUMMARY AND CONCLUSIONS 

“Red-leg’’ disease, an epizootic of aquarium frogs, is a form of septicemia 
that is caused by an organism which is a member of, or so closely related to, 
the Proteus group as to merit the name Proteus hydrophilus. 

Proteus hydrophilus is a gram-negative monotrichous rod; it is a more or less 
pleomorphic, non-sporulating, strongly fermentative, gelatin-liquefying or- 
ganism, This species produces acetyl-methyl-carbinol, is indole-positive, 
grows readily on the ordinary nutrient mediums, but does not produce the 
“swarming” type of growth generally attributed to the Proteus genus. It 
develops a potent lysin for the erythrocytes of several animal species. Certain 
strains produce a zonation effect on blood agar mediums. A toxic substance 
has been demonstrated in culture filtrates, which appears to be endotoxic in 
nature. 

There are at least two definite serological types in these species. When 
employed antigenically as bacterins, each brings about immunity in experi- 
mental animals against both types, whereas passive immunization has been 
demonstrated only against the homologous type. 

Frogs which appear normal seem to act as carriers, the infective agent in all 
probability being carried in the gall bladder. 
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Hauser (1885) first used the name Proteus to describe three organisms which 
he termed Proteus vulgaris, Proteus mirahilis, and Proteus zenkeri. He described 
these organisms mainly on their morphological characteristics and gelatin lique- 
faction. In reporting a study of 84 Proteus cultures, Wenner and Rettger (1919) 
suggested that a division of the genus Proteus into species other than Proteus 
vulgaris and Proteus mirahilis was unsound, owing to the inconsistent reactions 
of these bacteria on media other than maltose. Bengtson (1919) studied a 
number of Proteus cultures biochemically and serologically, and concluded that 
the group had one well defined species, P. vulgaris and a number of other related 
species. She emphasized that laboratory stock cultures of Proteus often lost 
their power to ferment certain carbohydrates. As all of her cultures had been 
isolated for a considerable period before the study was conducted, Bengtson 
stated that a study of freshly isolated Proteus organisms should prove valuable. 
Studies by Weldin (1927), Yacob (1932) and Mello (1938) have also added to 
our present definition of the genus Proteus. 

The significance of differences in gas production by bacteria for establishing 
natural species was recognized by Theobald Smith (1893). As a means of 
detecting gas production by bacteria he introduced the bent tube. Smith recog- 
nized that CO 2 was much more soluble in his medium than was H 2 , and therefore 
concluded that his analyses for CO 2 must have been low. He was convinced, 
however, that gas production by bacteria would reveal phylogenetic relationships 
often not detectable by other tests, and he showed that gas production was one 
of the more permanent characteristics of bacteria. One of Smith’s cultures of 
P. vulgaris which had almost completely lost its peptonizing power continued to 
give the same gas ratio value in the fermentation of glucose. 

Keyes (1909) recognized the inaccuracies inherent in the analyses of gases 
collected in the Smith fermentation tube, and introduced a more accurate 
method for the collection and analysis of gases evolved during bacterial growth. 
He showed that differences existed in the production of gases by members of the 
coli-aerogenes group, but made no use of his results in the identification and 
classification of bacteria. 

Rogers, Clark and Davis (1914) made further refinements on Keyes’ method 
and demonstrated that by the gas ratio (CO 2 /H 2 ), the colon bacteria could be 
separated into a well defined ‘low ratio” group (CO 2 /H 2 = 1/1 approximately) 
and a distinct “high ratio” group (CO 2 /H 2 = 1.6~2.8/1 approximately), and 
that the “high ratio” group was not as constant in the ratio value as the “low 
ratio” group. One culture was found which produced only CO 2 . In a later 
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paper Rogers, Clark and Evans (1914) showed that the colon organisms iso- 
lated from bovine feces had a ratio of 0.98 to 1.20. They concluded that the 
“low ratio” group included those members of the colon group usually designated 
as Escherichia coli (coli communis of Sternberg) and Escherichia coli, var. com- 
munior, while the “high ratio” group included Aerohader aerogenes, Eschervhia 
coli var. acidilacti and possibly Aerobacter cloacae. 

Rogers, Clark and Evans (1915) isolated seven colon-like bacteria which 
produced only COg; these were found among their 166 cultures isolated from 
grains. The seven organisms liquefied gelatin, failed to produce indole, and 
formed a yellow pigment on agar. They usually fermented sucrose, mannitol, 
^ycerol, and sometimes adonitol, but usually failed to ferment lactose, rafiSnose, 
inulin, starch, and dulcitol. 

Rogers (1921), developing a phylogenetic relationship of the colon-aerogenes 
bacteria, considered Aerobacter cloacae to be the organism from which other 
members of the group had developed. Aerobacter aerogenes had lost proteolytic 
activity. E. coli was still further removed by the loss of the acetylmethylcarbinol 
production and the development of indole formation. Removed from A . cloacae 
in the opposite direction was Proteus tmlgaris which had lost in fermentation of 
carbohydrates — ^both in number fermented and the extent of fermentation — 
and had developed proteolytic activity. A small group of organisms, which 
liquefied gelatin, fermented glucose with the formation of COj only, and fer- 
mented sucrose, but usually failed to ferment lactose, Rogers considered to be 
identical with P. mUgaris. It was found that the failure to ferment lactose, 
usually considered a distinguishing characteristic of P. vulgaris, did not coincide 
perfectly with the more fundamental character indicated by the production of 
only CO 2 in glucose fermentation. Furthermore, the unusual colony formation 
commonly looked upon as peculiar to P. vulgaris, was found to be shared with 
some A. cloacae cultures. Rogers postulated that a more logical separation 
between A. doacae and P. vulgaris would be on the end-products of fermentation 
rather than on the nature of the material fermented. The amount of gas formed 
from glucose by the Proteus group was usually much less than that obtained 
even from the “low ratio” cultures. 

Stable and well defined characteristics of bacteria have been the constant need 
of bacteriologists. Many groups of bacteria often exhibit considerable variation 
and at times vary in what may have appeared to be stable properties. The 
relationship of the genus Proteus to other apparently closely related groups of 
bacteria has not been satisfactorily explained. Many years ago L. A. Rogers 
and his associates clearly defined Escherichia and Aerobacter organisms by using 
the relative amounts of different gases produced from glucose. This important 
and fundamental work has been iiniversally accepted without further confirma- 
tion, but in so far as is known by us, gas ratio studies have pot been employed 
by more recent workers in their investigations of the gram-negative non-spore- 
producing rods. In the report here presented the results obtained from gas 
ratio determinations on a limited number of Escherichia and Aerchacter cul- 
tures, and on a lai^er number of Proteus cultures are reported. 
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METHODS 
CuUures studied 

The organisms studied were isolated from soil, street washings, creek water, 
raw sewage, sewage digest, and putrefying meat (table 8). From samples which 
contained suflSciently large numbers of Proteus organisms direct isolations were 
made. Samples containing small numbers of Proteus organisms were enriched 
by incubation for 24 hours at 30®C. in formate-ricinoleate broth (Stark and 
England, 1935). The plating medium was tryptone glucose skim-milk agar. 
Representative colonies were picked from the plates into nutrient broth, and 
after abundant growth was obtained, the culture was replated. One isolated 
representative colony was inoculated into nutrient broth and this purified 
culture was used for further study. Cultures were tentatively considered to be 
members of the genus Proteus when they produced acid and gas from glucose 
and usually from sucrose, failed to ferment lactose, and were gram-negative, non- 
spore-producing rods. Action on protein was not used as a primary differential 
characteristic but all cultures isolated by us, having the characteristics mentioned 
above, liquefied gelatin and rapidly peptonized litmus milk. Some of the organ- 
isms included in the study had been received from other laboratories. Each of 
these was plated and a representative colony picked into nutrient broth to insure 
the purity of the culture. This procedure may possibly have involved the 
selection of a variant of the original culture. The biochemical reactions of the 
purified and the original culture were, however, usually the same. A total of 108 
cultures were included in this study, 66 of which were isolated by us and 42 of 
which were obtained from workers in other laboratories. 

Collection and analysis of gases 

The gases evolved by the bacteria were collected by an automatic Sprengel 
mercury pump and subsequently analyzed by methods very similar to those 
used by Rogers, Clark, and Davis (1914). Carbon dioxide was absorbed by 
KOH in a bubbling absorption pipette, and the hydrogen measured by slow 
combustion in pure oxygen. All measurements were made above mercury. 
As the gases were pumped from the culture cell they were forced through a 
chamber containing ‘‘dehydrite” to render them moisture-free. All gas volumes 
were reduced to 0®C. and 760 mm. of mercury. 

In studies by previous workers no measurements were made of the carbon 
dioxide which had been produced and reacted with constituents of the medium. 
In a number of samples, during the present study, when the pH was found to be 
above 5.5, one ml. of concentrated lactic acid was added to the duplicate culture 
cell through the side arm of a three-way stopcock placed between the culture 
cell and the dehydrating chamber. In this way the acid could be added to the 
medium during the evacuation of the gases without allowing any air to enter. 
The CO 2 liberated by so lowering the pH (to about 2.5) was measurable, but 
had no significant effect on the ratio of CO 2 /H 2 . The amount of CO 2 liberated 
by this procedure waa practically negligible when the pH was below 6.0. 

The medium, unless otherwise stated, contained ^‘Baker's Analyzed” or 
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Pfanstiehl’s glucose, Witte peptone, and “Baker^s Analyzed” K2HPO4 (dried 
powder). The per cent of the different ingredients was varied in some of the 
experiments and the formulae of the media are indicated in the respective tables. 
The formula used by Rogers and his co-workers was Witte peptone, 1.0 per cent; 
glucose, 1.0 per cent; K2HPO4, 0.5 per cent. This medium, when used in the 
studies reported here, was made by dissolving 10 gm. of Witte peptone and 6 gm. 
of K2HPO4 in 800 ml. of distilled water and the solution was then steamed for 
20 minutes. After filtering off the precipitate, the solution was made up to 
volume, measured into the culture cells in 20 ml. amounts, and sterilized at 
120®C. for 20 minutes. The glucose was sterilized by filtering a 6 per cent solu- 
tion through a Seitz filter. Five ml. were added aseptically to the sterile medium 
which then had 1.0 per cent glucose. The pH of this medium was 7.5. 

When the methyl-red medium was used, the ingredients were added in the 
following concentrations: Witte peptone, 0.5 per cent; glucose, 0.5 per cent; 
K2HPO4, 0.5 per cent. This medium was prepared essentially as Rogers’ 
medium, except that the peptone and buffer were made to 900 ml., measured 
into the cells in 22.5 ml. amounts, and 2.5 ml. of sterile 5 per cent glucose added. 
The pH of the sterile medium was 7.6. 

Twenty-five ml. amounts of medium, rather than 10 ml. as used by Rogers 
and co-workers, were used for a two-fold purpose. First, the larger volume 
of medium would give a larger sample of gas and make possible more accurate 
gas analyses. Second, Proteus organisms often do not produce as much gas as 
Escherichia and AerohacteVy and 25 ml. were needed in many instances in order 
to obtain an appreciable sample of gas. 

The culture cells, for growing the organisms under vacuum, were, made from 
IJ inch pyrex glass tubing to which was sealed a | inch outlet tube. Through 
this tube the medium was inoculated and then evacuated. Prior to evacuation 
the stem was constricted near the top, and after evacuation the cell was hermeti- 
cally sealed at the constriction. The volume of the cells averaged approxi- 
mately 200 ml. 

The organisms to be tested were grown for at least two consecutive 24-hour 
periods before being inoculated into the culture cells, the first transfer being 
in nutrient broth and the last transfer to a nutrient agar slant. The growth 
on the slant was suspended in approximately 3 ml. of sterile distilled water, and 
0.1 ml. of the suspension was inoculated into the culture cell. The inoculations 
were made soon after the medium was sterilized and cooled, so as to permit only 
a minimum amount of oxygen to dissolve in the medium. The cultures were 
incubated at 30®C. for 7 days and with a few exceptions were tested in duplicate. 

Biochemical reactions 

The sugars tested were sterilized by a Seitz filter and added to sterile nutrient 
broth to give approximately a 1 per cent solution of the sugar. The ability to 
use citrate as the only source of carbon was tested using the citrate broth de- 
veloped by Koser (1923), and incubating for 2 days at 30®C. Acetylmethyl- 
carbinol production was determined using the modified procedure of O’Meara 
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(1931) and by using a warm solution of 30 per cent KOH rather than the 40 
per cent solution used by O'Meara. Four per cent nutrient gelatin was used 
for the gelatin liquefaction studies. Other tests were performed as recommended 
by the ‘‘Manual of Methods for Pure Culture Study of Bacteria" (1937). The 
media were incubated at 30®C. for 12-14 days (except the citrate broth, which 
was held only 2 days). 


RESULTS 

Effect of kind of peptone 

One of the primary interests in the beginning of this study was to verify by 
our methods the well established ratios obtained by Rogers and his associates 
for the Escherichia and Aerobacter organisms. It was significant that, in order 
to duplicate their results for Escherichia bacteria, it was essential to use Witte 


TABLE 1 

The effect of the kind of peptone on the gas ratio of Escherichiaj Aerobacter ^ and Proteus 
cultures (1,0 per cent peptone^ 1.0 per cent glucose^ 0.5 per cent KtHPO^ 


CULTCXE 

PKPTONZ 

TOTAL GAS 

CO* 

H* 

COi/H* 

FINAL pH 

G71. E. coli 

Bacto 

ml. 

41.96 

ml. 

23.69 

ml. 

16.47 

1.44 

4.60 

Q71. E, coli 

Witte 

29.66 

16.86 

12.69 

1.26 

4.36 

llalO. E. coli 

Bacto 

36.16 

19.89 

14.03 

1.42 

4.63 

llalO. E. coli 

Witte 

32.78 

16.89 

16.27 

1.11 

4.47 

A67. A. aerogenes 

Bacto 

86.97 

61.89 

22.29 

2.77 

6.69 

A67. A. aerogenes 

Witte 

66.40 

48.80 

17.07 

2.88 

4.77 

Cbl. A. aerogenes 

Bacto 

76.67 

64.96 

19.87 

2.77 

6.31 

Cbl. A aerogenes 

Witte 

63.67 

44.19 

18.60 

2.36 

6.31 

62. Proteus 

Bacto 

24.61 

12.28 

8.86 

1.39 

4.82 

62. Proteus 

Witte 

18.06 

9.09 

8.03 

1.13 

4.96 

86. Proteus 

Bacto 

28.61 

14.96 

12.80 

1.17 

4.87 

86. Proteus 

Witte 

23.09 

11.79 

10.66 

1.12 

4.96 


peptone in the medium as formulated by them. When Bacto-peptone was used 
the Escherichia cultures gave ratios approximating those normally given by 
Aerobacter (table 1). It was interesting to find that using Bacto-peptone an 
appreciably larger volume of gas was obtained than when Witte peptone was 
used. These results are comparable with those reported by Burton and Rettger 
(1917) who found that more sugar was utilized in a medium containing Bacto- 
peptone than in one containing Witte peptone. These workers found that the 
sugar utilization was directly related to the amino-acid content of the medium. 
The results of the present study confirm those of Burton and Rettger since 
with Bacto-peptone a larger volume of gas was liberated. Although the CO 2 was 
mostly responsible for the increase in the total volume of gas from the Bacto- 
peptone medium, the volume of H 2 was also usually greater. This increase in 
CO 2 was probably only partly accounted for by the increased utilization of sugar. 
Considering the higher amino acid content of the Bacto-peptone, it was probable 
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that much of the increased CO 2 was derived from decarboxylation of the amino 
acids present. This assumption is supported by the work of Treece (1928) 
who studied gas production from commercial peptones by A. aerogenes and 
E. colt. His results showed that these two organisms produced gas from Difco 
but not from Witte peptone, and that most of the gas was CO 2 . In order to 
study the gases produced from glucose by the action of the bacteria, it was 
necessary to use a peptone from which no gases were produced. In subsequent 
work on gas ratios, therefore, Witte peptone was used. 

The effect of sugar concentration 

The methyl-red test proposed by Clark and Lubs (1916) for the differentiation 
of the colon-aerogenes organisms was based on the final pH attained by the 
different organisms grown aerobically in a special glucose medium. These work- 
ers found that in a medium containing 0.5 per cent Witte peptone, 0.5 per cent 
K2HPO4 (anhydrous), and 0.5 per cent glucose, Escherichia organisms reached 
a low final pH which remained constant. Aerobacter organisms, however, did 
not maintain a low final pH, but were able to ferment the organic acids with a 
reversion of the pH to 6.0 or above. Since the Aerobacter cultures used in this 
study sometimes did not revert the pH in Rogers’ medium (1.0 per cent glucose, 
1.0 per cent Witte peptone, 0.5 per cent K2HPO4) it seemed logical to compare 
the gases produced in the methyl-red medium (0.5 per cent glucose), which 
permitted the fermentation of the organic acids by Aerobacter ^ (Ayers and Rupp, 
1918) with the gases produced in Rogers’ medium. In addition, gas ratios using 
the methyl-red medium containing 0.2 per cent glucose instead of the usual 
0.5 per cent glucose were studied. For this comparative study two cultures 
each of Aerobacter and Escherichia and Proteus were used. 

Comparing the methyl-red (0.5 per cent glucose) medium with the Rogers’ 
medium, it was observed that the Aerobacter cultures reverted the pH normally 
in the methyl-red medium, and the inconsistent volumes of gas produced in the 
Rogers’ medium by A67 were not observed in the methyl-red medium (table 2). 
The Proteus cultures frequently produced more gas in the methyl-red medium, 
which indicated that in the Rogers’ medium the higher amount of sugar inhibited 
in some way the more active metabolism of these cultures. When the sugar 
content was reduced to 0.2 per cent, the Aerobacter^ Escherichia, and Proteus, 
cultures produced nearly equal amounts of gas, and the gas ratios for all cultures 
were approximately 1/1. With this medium the pH was always reverted by all 
of the cultures, although it was never lower than approximately 6.0. This was 
shown by determining pH-time curves for Escherichia, Aerobacter, and Proteus 
cultures grown aerobically in media containing 1.0 per cent, 0.5 per cent, and 
0.2 per cent glucose. These results showed that 0.2 per cent glucose was insuffi- 
cient for the Escherichia cultures to produce the necessary amount of acids to 
maintain a low final pH. 

In line with the important findings of Ayers and Rupp (1918), these results 
indicated that a medium could be chosen which would allow two very distinct 
and characteristic types of glucose dissimilation to proceed, depending upon the 
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orgaoisms used. Escherichia cultures in a medium containing sufficient glucose 
produced more acids than they could decompose, and the pH of the medium 
remained low. Aerobacter cultures required a concentration of glucose which 
would not provide a source of more organic acids than they could utilize, but 
which would be sufficient to allow the characteristic secondary “alkaline” fer- 
mentation, as explained by Ayers and Rupp (1918), to proceed. The methyl- 

TABLE 2 


The effect of sugar concentration on the gas ratio 


CULTURE 

PEE CENT GLUCOSE 

TOTAL OAS 

COf 

Hi 

CO1/H2 

FINAL pH 

llalO. E. coli 

1.0(R)t 

ml. 

32.78 

ml. 

16.84 

ml. 

15.27 

1.10 

4.47 


0.8(MR)t 

29.60 

16.56 

16.23 

1.02 

4.60 


0.2(MR) 

18.31 

7.86 

9.58 

.82 

6.49 

G71. E» coli 

l.O(R) 

29.65 

15.86 

12.59 

1.26 

4.41 


0.5(MR) 

37.87 

20.10 

17.46 

1.15 

4.97 


0.2(MR)* 

23.40 

8.85 

8.67 

1.02 

6.65 

A67. A. aerogenes 

l.O(R) 

7.91 

6.59 

.70 

9.40 

4.72 


l.O(R) 

18.91 

11.13 

3.14 

3.55 

4.82 


l.O(R) 

66.40 

48.80 

17.07 

2.89 

4.71 


i 0.5(MR) 

33.50 

21.78 

10.23 

2.13 

6.48 


0.2(MR) 

18.05 

7.35 

7.44 

.99 

6.35 

Cbl. A. aerogenes 

l.O(R) 

63.67 

44.19 

18.60 

2.38 

5.31 


0.5(MR) 

38.30 

24.24 

13.11 

1.85 

6.41 


0.2(MR)* 

20.99 

10.01 

9.66 

1.04 

6.60 

42. Proteus 

l.O(R) 

16.88 

8.46 

7.62 

1.11 

5.03 


0.6(MR) 

28.12 

13.66 

14.10 

.97 

5.99 


0.2(MR)* 

18.21 

8.83 

8.99 

.98 

6.50 

100. Proteus 

1.0(MR) 

25.14 

13.84 

10.51 

1.32 

4.84 


0.6(MR) 

23.98 

12.56 

11.01 

1.14 

5.17 


0.2(MR)* 

19.64 

9.62 

10.02 

1.04 

6.63 


* Lactic acid added to duplicate sample to liberate combined COa and the gases thus 
obtained are reported. 

t Rogers’ medium (1.0 per cent glucose, 1.0 per cent Witte peptone, 0.5 per cent KaHPOi). 
t Methyl-red medium containing amount of glucose as shown. 

red medium of Clark and Lubs (1915) was found to be best for these purposes 
and was employed in the greater part of this study. 

Oas ratios produced by freshly isolated Proteus cultures 

On the basis of the gas ratio, it was observed that Proteus cultures formed 
three distinct groups (table 3). Group I was characterized by: a high gas ratio, 
the average being CO:/H, = 6.28/1; a small total amount of gas produced, the 
average bdng 12.26 ml.; and a low final pH, the average being 4.97. Group II 




604 


M. L. SPECK AND C. N. STARK 


produced: an intermediate ratio, the average being CO 2 /H 2 = 1.60/1; a large 
total amount of gas, the average being about 35.23 ml.; and a high final pH, the 
average being 6.01 . Group III was characterized by : a low gas ratio, the average 
being CO 2 /H 2 = 1,05; a moderate amount of gas, the average being 20.29 ml.; 
and a relatively low final pH, the average being 5.22. 

Group I may be identical with the eight cultures that Rogers (1921) termed 
the infi^ty ratio group (producing only CO 2 ) and considered to be the typical 
Proteus organism. It should be noted, however, that the gas analyses by Rogers 
and his associates were made on the gases produced from 10 ml. of medium. 
In view of the very small amount of hydrogen usually found to be formed by this 
group, in the present investigation, it may be that the volume of hydrogen from 


TABLE 3 

The gases and final pH prodttcedfrom glucose by freshly isolated Proteus cultures grown under 

anaerobic conditions 


OXOUP 

TOTAL 

CDLTmUCS 

TOTAL TESTS 

CO./H* 

COs/Hixamoe 

TOTAL GAS 

FINAL pH 

I 

26 

62 

6.28 

(2.50-14.54) 

ml. 

12.26 

4.97 

II 

23 

46 

1.60 

(1.31- 1.84) 

35.23 

6.01 

III 

17 

28 

1.05 

(.90- 1.18) 

20.29 

5.22 


Note: The medium contained 0.5 per cent each of glucose, Witte peptone, and KsHPOi** 
the cultures were incubated 7 days at 30°C. 


TABLE 4 

The gases produced by A. cloacae from glucose (methyl-red medium) 


CX7LTUBE 

TOTAL GAS 

COf 

Hi 

COs/Hi 

FINAL pH 


ml. 

ml. 

ml. 



Mj2 

33.93 

22.46 

10.91 

2.06 

5.88 

Mj5 

31.85 

20.73 

10.44 

1.99 

6.00 

Mk5 

20.52 

13.57 

6.62 

2.04 

6.20 

Mk8 

27.59 

19.59 

7.40 

2.65 

6.39 


10 ml. might be too small to be measured. The small amount of hydrogen 
produced by some cultures caused the ratio to vary considerably from the aver- 
age value, although there was little doubt about their belonging to this group. 

Group II showed less variability in the gas ratio than group I. The reversion 
of pH, considered along with the large volume of gas produced, indicated that 
an entirely different type of fermentation was operating. One might, from 
these data, assume that this group of bacteria belonged to the Aerobacter genus. 
A comparison of the ratios obtained from several freshly isolated A. clocLcae cul- 
tures, which shows the closest relationship biochemically to this group of Proteus j 
showed that the Aerobacter cultures produced an appreciably higher ratio than 
the Proteus cultures (table 4). 

The gas ratio of group III was found to be that which is characteristically given 
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by Escherichia organisms. The final pH, however, was not so low as that usually 
produced by Escherichia organisms. Other differences will be considered in the 
section on biochemical characteristics. 

Gas ratios of Proteus stock cultures 

The gases produced by 42 cultures, most of which had been grown on labora- 
tory media for a number of years and which were received from various labora- 
tories in this country, were also studied (table 5). The medium used in the 
greater part of this study was that used by Rogers and his associates, since at 
the time of these studies the effect of the sugar concentration had not been 
determined by us. The ratios obtained using this medium were, however, not 
significantly different from those obtained when the methyl-red medium was 
used, as was shown by comparing the ratios given by 16 cultures tested on both 
media. 

Thirty-eight of the 42 cultures gave a ratio value which would assign them to 
the low ratio group (table 3) formed by the fresh cultures. Most of these cul- 
tures gave an average of 21.69 ml. of gas, which was comparable in volume to 

TABLE 5 


The gases and final pH produced from glucose by old stock cultures of Proteus under anaerobic 

conditions 


GEOUP 

TOTAL 

CULTITBES 

TOTAL TESTS 

COi/H, 

COs/Hseange 

TOTAL GAS 

FINAL pH 

I 

1 

4 

4.71 


ml. 

22.04 

6.85 

II 

3 

6 

1.69 

(1.58-1.78) 

33.04 

5.31 

III 

38 

119 

1,07 

(.97-1.30) 

19.57 

5.18 


that given by the low ratio group of freshly isolated cultures. These results 
were interpreted as an indication that the organisms' mechanism for the dissimi- 
lation of glucose had not been impaired during laboratory cultivation. The 
final pH values compared favorably with those given by the fresh cultures. 
Three of the cultures belonged to group II. The total volume of gas produced 
averaged 33.04 ml. and the average ratio CO 2 /H 2 = 1.69. That the average 
final pH was as low as 5.31 was probably accounted for by the fact that two of 
the cultures were tested on Rogers’ medium and were about pH 5.0; the one 
culture tested on the methyl-red medium gave a final pH of 5.90, which agrees 
with the average value given by the fresh cultures. One culture was found to 
give typical values for organisms belonging to group I, although the final pH 
value was higher than normally would be expected. 

The results obtained from these 42 cultures were considered as verifying evi- 
dence for the existence of the three groups found among the fresh cultures. It 
may also be assumed that laboratory cultivation does not affect the gas ratio 
characteristic of the organism, although definite knowledge of this must await 
future study. 
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Biochemical properties of freshly isolated Protene cultures 

It was noted in the foregoing sections that freshly isolated cultures of Proteus 
formed three distinct groups on the basis of the gas ratio (C02/H2). In these 
groups the methyl-red test, the production of acetylmethylcarbinol, indole, 
and citrate utilization correlated with the gas ratio and final pH in the glucose 
medium used for the gas analyses (table 6). All of the cultures liquefied gelatin 
and peptonized litmus milk. The sugars which are used for classifying species 
of the genus Proteus (Sergey’s Manual, 1939) were fermented by nearly all of 
the cultures and were found in this study to be of no real value for classification 
purposes. 

All of the cultures in the high ratio group (CO 2 /H 2 = 6.28) were methyl-red 
negative and all but two failed to produce indole. The infinity ratio group 
(produced CO 2 only) of Rogers, Clark and Evans (1916) also usually failed to 
produce indole, which is a further indication that this group of organisms may 
be that described by Rogers and his associates as the ‘infinity” group. Other 


TABLE 6 

Correlating properties of freshly isolated Proteus cultures 


GSOTJP 

SUGGESTED NAUE 

TOTAL 

AVEBAOE BX8DLTS 

M.B. 

VJ. 

INDOLE 

OTBATE 

COL- 

TUBES 

CO*/Hl 

Total 

gas 

Final 

pH 

1 

P. hydrophilus 

26 

6.28 

ml. 

12.26 

4.97 


+ 

-(24) 

+ (24) 

II 

P. mirabilis 

23 

IH 

35.23 

6.01 

■ 

+ 

+(2) 

+ 

- (2) 

III 

P. vulgaris 

17 

1.05 

20.29 

5.22 

-(13) 

-(14) 

+ 

— 







+ (4) 

+(3) 




correlating properties were the production of large amounts of acetylmethyl- 
carbinol and rapid growth in citrate broth. 

The cultures belonging to the intermediate ratio group (CO 2 /H 2 = 1.60) were 
distinctly different biochemically by their production of indole and by failing 
to grow readily in citrate broth. There are similarities in the gas ratio and final 
pH of this group to those given by Aerobacter organisms, but A. cloacae to which 
this group shows the most similarity, ferments lactose, grows readily in citrate 
broth, fails to peptonize litmus milk, and fails to produce indole (Bergey’s 
manual, 1939). The gas ratio of this group of Proteus is also lower than that 
of the typical A, cloacae cultures (table 4). It would seem, therefore, that a 
second group of Proteus organisms exists which gives an average gas ratio of 1.60, 
produces a final pH of about 6.01 anaerobically in 0.6 per cent glucose broth, 
produces indole, and fails to utilize citrate readily as a sole carbon source. 

Cultures belonging to the low ratio (CO 2 /H 2 = 1.06) group produced indole 
and failed to grow readily in citrate broth, a few were methyl-red positive and a 
few others were V.P. positive. Although the reactions in the methyl-red and 
Voges-Proskauer tests were not as constant as in the other two groups, both tests 
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usually were negative. One culture produced acid and a small amount of gas 
in lactose broth. These are some of the usual characteristics of Escherichia 
cultures. However, the Proteus cultures were proteolytic in litmus milk and 
gelatin, and failed, with one exception, to ferment lactose. Since the possession 
of these properties is considered foreign to Escherichia cultures, and considered 
as identifying the genus ProteuSy this third group of Proteus organisms is sug- 
gested on the basis of the gas ratio and other correlating characteristics. 

An interesting observation on some of these newly isolated cultures was an 
apparent feeble fermentation of lactose. This was observed mainly among 
newly isolated cultures and became apparent after about two weeks’ incubation. 
These observations confirm those reported by other investigators (Rogers, Clark, 
and Evans, 1916; Rogers, 1921; Mello, 1938). 

OLD LABORATORY STOCK CULTURES 

In the three groups formed, from these cultures, on the basis of the gas ratio 
(table 7), there were also correlations with indole formation, citrate utilization 


TABLE 7 


Correlating properties of old stock cultures of Proteus 


OKOT7P 

SnOOSSTED NAME 

TOTAL 

COL- 

TUXSS 

AVERAGE RESULTS 

1I.R. 

V.P. 

XNDOL 

COs/Ha 

Totel 

gas 

Final 

pH 





ml. 





I 

P. hydrophilus 

1 

4.71 

22.04 

5.85 

— 

+ 

— 

II 

P. mirahilis 

3 

1.69 

33.04 

5.31 

— 

2+ 

2- 








1- 

1+ 

III 

P. vulgaris 

38 

1.07 

19.57 

5.18 

— 

30- 

26+ 








8+ 

12- 


and acetylmethylcarbinol production, although these correlations were not so 
good as those existing in the group of newly isolated cultures. All of these 
cultures showed some activity in milk, either by peptonization or by producing 
a basic reaction as shown by litmus. Five of the cultures failed to liquefy gelatin, 
although two of them were definitely able to cause peptonization in litmus milk. 
Whereas nearly all of the newly isolated cultures fermented glucose, galactose, 
maltose, mannitol, and sucrose, among these 42 old cultures 10 failed to ferment 
maltose and only two fermented mannitol. Only one old culture gave the typi- 
cal reactions of group I. Three cultures were in group II. There was a tend- 
ency for the characteristics to be the same as those given by the fresh cultures 
of group II, although the cultures lacked satisfactory uniformity of biochemical 
properties. The majority of the old cultures belonged to group III. Like the 
newly isolated cultures of group III, most of the cultures produced indole, 
failed to grow readily in citrate broth, and did not produce acetylmethylcarbinol. 

Although the old and fresh cultures agreed in the gas ratio values and to a less 
degree in the production of acetylmethylcarbinol, indole and in utilization of 
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citrate, there were few relationships shown in the sugars fermented by the old 
and fresh strains. These facts suggest that the more stable characteristics of 
Proteus organisms would be the gas ratio, final pH in 0.6 per cent glucose medium, 
production of acetylmethylcarbinol and indole, and the utilization of citrate, 
rather than the fermentation of various sugars. Further work, however, on 
the relative stabilities of the gas ratio and other biochemical properties would 
be desirable. 


SUGGESTED NOMENCLATURE FOR PROTEUS SPECIES 

With the data of this investigation indicating that three species exist in the 
genus Proteus, the names appearing in table 6 are suggested. These familiar 
names are now used for species in this genus. They are chosen for the particu- 
lar groups since the cultures of each group represent most closely what we recog- 
nize at present as the respective species suggested. 


TABLE 8 

Sources of fresh cultures and their distribution in the three ratio groups 


SOUKCES 

TOTAL 

CULTUBES 

DZSIBIBUTION 07 THE 3 GSOUPS; 

Group I 
C02/H*= 6.28 

Group II 
C0*/Ht* 1.60 

Group III 
C0*/Hi= 1.05 

Soil 

1 

1 

0 

0 

Street-washing 

8 

8 

0 

0 

Creek water 

13 

2 

7 

4 

Raw sewage 

3 

0 

3 

0 

Sewage digest 

22 

0 

13 

9 

Putrifying meat 

19 

15 

0 

4 

Total 

66 

26 

23 

17 


DISCUSSION 

The present investigation has confirmed the results of Rogers and his asso- 
ciates on the CO 2 /H 2 ratio of Aerobacter and Escherichia organisms. The 
Escherichia organisms produced a ratio of approximately 1/1 and the Aerobacter 
organisms a ratio of approximately 2/1. It should be emphasized, however, 
that in order to exhibit these fundamental characteristics the composition of 
the medium used is of major importance. 

The close relationship between the proteolytic, lactose-non-fermenting, gram- 
negative rods classified as the genus Proteus and the Escherichia- Aerobacter 
organisms has been assumed for a considerable time. It is not surprising, there- 
fore, that the gas ratio which has been so important in establishing the Aerobacter 
and Escherichia genera has revealed interesting relationships within the Proteus 
group. The validity of the three groups existing on the basis of the gas ratio 
is increased by the correlations with the properties of indole formation, citrate 
utilization, and acetylmethylcarbinol production. 

The old stock cultures produced volumes of gas and gas ratios comparable 
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with fresh cultures of the same group, which indicated that prolonged laboratory 
cultivation had not impaired the organism’s mechanism for dissimilating glucose. 
Although it was impossible to ascertain the gas ratio for these old cultures when 
they were first isolated, Rogers and his associates found that the ratio for colon 
organisms remained relatively constant during laboratory cultivation. Similar 
results were observed in this laboratory for Aerdbacter organisms. 

The marked differences in fermentative powers of the fresh and old cultures 
were very interesting, especially in view of the work of others who have shown 
that Proteus organisms lose the power to attack certain substrates. Bengtson 
(1919) reported that Proteus cultures often lost their power to ferment sucrose, 
maltose, and mannitol. The main differences between the fresh and old cultures 
in this study were that only two of the old cultures fermented mannitol and 10 
failed to ferment maltose; yet all of the fresh cultures fermented maltose and all 
but three fermented mannitol. Although it will require time to determine which 
of the properties the present fresh group might lose by prolonged laboratory 
cultivation, it would appear that the old cultures used in this study had lost in 
their ability to attack maltose and mannitol. It seems illogical, in view of such 
observations, that these same properties which have been found to be lost during 
laboratory cultivation should be desirable characteristics for distinguishing 
between species of the Proteus genus (Bergey’s manual, 1939). Since most 
classification studies of the Proteus genus have been based on the properties of 
collections of cultures which were entirely or in part old cultures, it would seem 
that a revision of the genus based on the apparently stable properties of the 
organisms, such as the gas ratio, should be made. Since it has been shown that 
these same characteristics, which are the most useful in identifying coliform 
organisms, are equally important in describing valid species of Proteus^ it 
would seem advisable to adopt these descriptive properties for Proteus, It is 
not improbable that future work may show some equally good characteristics 
which can be used for identif 3 dng Proteus organisms; nor may the collection of 
cultures studied in this work have included all species possibly existing in the 
genus Proteus, But it is our belief that the stable characteristics mentioned 
will meanwhile assist in taxonomic studies of the genus. 

The ability of Proteus to ferment lactose has been discussed by various workers 
and no general agreement has been attained, although it is generally accepted 
that Proteus organisms are essentially lactose-negative. In the present investi- 
gation certain of the fresh cultures suggested a feeble fermentation of lactose 
by the presence of a bubble of gas and a slight lowering of the pH at the end of 
about 14 days. Granting that this time is longer than the usual length of incuba- 
tion, slow lactose fermenters also are found among the Escherichia and Aerdbacter 
groups. How one can justify an arbitrary selection of the length of incubation 
to determine whether or not a sugar is fermented, is at least subject to question. 
The results of this investigation lead the authors to the same conclusion which 
Rogers (1921) stated concerning Proteus: . . traces of gas and a slight change 
in the hydrogen ion concentration sometimes observed in lactose broth indicate 
that there may be a feeble fermentation of this sugar by those cultures classed 
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as lactose negative.” In the present investigation the fresh cultures showed a 
much higher frequency of a feeble lactose fermentation than was observed among 
the old cultures. In view of these observations, and those of others, it should 
not be surprising when occasionally a freshly isolated culture of Proteus shows 
some indication of lactose fermentation after an extended incubation period. 

An interesting observation was that none of the cultures in this study failed 
to produce some hydrogen. Those belonging to group I of the fresh cultures, 
however, produced relatively very little hydrogen, with several giving particu- 
larly small amounts. Whether or not these cultures may be identical with 
those which Rogers and his associates found to produce no hydrogen is difficult 
to deduce. OtW workers, however, recognized as Proteus organisms those 
which produced hydrogen, as is noted when Rogers, Clark, and Lubs (1918) 
stated: “We have designated as B. proteus those organisms which produce no 
hydrogen. This is not compatible with the characteristics of several cultures 
which others have furnished to us as R. proteus, but it is based on data obtained 
with seven cultures in our collection from grain.” It is significant that these 
workers also encoimtered Proteus cultures which produced hydrogen, although 
the ratios of these cultures are not given. This is in agreement with findings in 
the present investigation. Of the 42 old cultures supplied to us from other 
laboratories, 38 produced equal amounts of hydrogen and COj, which would 
indicate that many bacteriologists are often familiar with only the low ratio 
group. The present investigation, based on cultures freshly isolated, suggests 
that the three groups are fairly equally distributed in nature (table 8). 

SUMMARY AND CONCLUSIONS 

The gas ratio (CO 2 /H 2 ) and certain other biochemical properties of 108 strains 
of Proteus cultures were determined. Sixty-six of the cultures were recently 
isolated from natural sources and 42 had been grown on laboratory media for a 
number of years. 

The recently isolated cultures of Proteus formed three distinct groups on the 
basis of the gas ratio. The average ratio for each group was 6.28 for group I, 
1.60 for group II, and 1.05 for group III. Correlating with the gas ratio values 
for each group were the final pH of the 0.5 per cent glucose inedium used for gas 
production, indole production, growth in Koser’s citrate broth, and the produc- 
tion of acetylmethylcarbinol. Each of the old cultures of Proteus also gave a 
gas ratio which was characteristic of one of the three groups formed by the fresh 
cultures, although 38 of the 42 belonged to group III. The three groups of old 
cultures tended to show the same correlations in the biochemical properties 
which correlated with the gas ratio in the fresh cultures. 

The old and fresh cultures showed considerable disagreement in their ability 
to ferment certain carbohydrates, but showed similarities in th^r gas ratio and 
the production of indole, acetylmethylcarbinol, and growth in citrate broth. 

It is suggested that the genus Proteus be revised to contain three species, viz. 
P. vulgaris, P. mirabilis, and P. hydrophUus. 
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This study was undertaken with a three-fold objective: first, to compare the 
effects of some diverse bactericidal and bacteriostatic agents, including metal 
cations, sulfonamide compounds, and narcotics, on the growth and luminescence 
of luminous bacteria; second, to obtain self -photographs in color showing the 
chief results; and third, in connection with the photographs, to measure the 
brightness of the light and express it in absolute units. 

Poisons of various kinds are known to reduce the intensity of luminescence 
in essentially non-proliferating suspensions or masses of the bacteria (Beijeiinck, 
1889, 1891; Harvey, 1915; Harvey and Taylor, 1934; Hill, 1929, 1932; Taylor, 
1932, 1934, 1936; Shoup, 1933; Shoup and Kimler, 1934; Korr, 1935; van Schou- 
wenburg, 1938; van Schouwenburg and van der Burg, 1940; Johnson and 
Chambers, 1939; Johnson and Moore, 1941) and in some cases a stimulation of 
luminescence by low concentrations of the inhibitors has been noted (Taylor, 
1934, 1936; van Schouwenburg, 1938). A stimulation of growth and lumines- 
cence in broth cultures by low concentrations of urethane and of sulfanilamide 
(Johnson, 1942) as well as the stimulatory effects of bacteriostatic compounds, 
in low concentration, for various species on agar (Lamanna, 1942) lend a renewed 
interest to the familiar biological problem of apparent stimulations caused by 
low concentrations of toxic agents in general. 

The self-photographs provide an opportunity of making essentially direct 
metabolic pictures of the cultures, showing the degree of inhibition or of stimula- 
tion apparent in the brightness of luminescence. In color, the pictures might 
hold a special interest for those whose conception of the real appearance of 
luminescent cultures is based solely on verbal descriptions, necessarily inade- 
quate, or on the more precise but less vivid data of the spectrophotometer 
(Barnard, 1902; Molisch, 1912; Eymers and van Schouwenburg, 1936, 1937). 
The absolute intensity of the luminescence is of interest both as a matter of 
record and in connection with the problem of photography by such dim light. 
In studies of luminous micro-organisms it is ordinarily not essential to measure 
the brightness of their light in absolute units, and such data have only rarely 
been given (Lode, 1904, 1906; Friedberger and Doepner, 1907; Harvey, 1925; 
Eymer and van Schouwenburg, 1937; Johnson and Lynn, 1941). Data of this 
kind have apparently never been given in connection with photographs. Thus, 
although some interesting pictures taken by the light of luminous bacteria have 
been published (Dubois, 1901; Barnard, 1902; Molisch, 1903) the exposure 
times stated are of little use except under the identical conditions of the experi- 
ment, and they furnish only a very rough idea of the absolute intensities involved. 
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METHODS 

The method most satisfactory from the point of view of this study appeared 
to be some modification of Beijerinck’s “auxanogram” (Beijerinck, 1889, 1891) 
which is essentially the same as the agar plate technique for testing disinfectants 
(U. S. Department of Agriculture, 1931). 

The surface of a solid medium, consisting of 3 per cent NaCl nutrient agar 
in Petri dishes with porcelain covers, was inoculated with a suspension of cells 
from a Ituninous slant, either with the aid of a sterilized camel’s hair brush, or 
simply by flooding the agar surface, allowing the excess fluid to evaporate or be 



Fio. 1. (A) Diagram of the Macbeth Illuminometer, adapted for measuring the bright- 
ness of luminous cultures. By means of ri^ht angle prisms^ light from two sources, viz, 
the culture and the comparison light (C.L.), is viewed in the form of two concentric circles. 
At constant current from a storage battery, the intensity of the comparison light against 
the opal glass (^.Gl.) is regulated to match the unknown by varying the distance, with 
the screw (S). The scale (Sc) is calibrated according to the inverse square law, and thus 
gives relative intensities directly. When calibrated against a standard, at a given current, 
a factor for changing the relative to absolute units may be readily applied. 

(B) Diagram of the arrangement of cultures for photographing by their own light. 
The porcelain covers of the Petri plates were replaced by a piece of optically flat glass 
during the long exposures necessitated by the dim light. A black cloth beneath the plate 
was necessary to prevent a double, or a blurred image. 

absorbed into the medium and porous cover. A small amount of the test sub- 
stance, usually only a few small crystals or particles, was then placed on the 
surface of the medium at the center, where it could diffuse peripherally, thus 
establishing a concentration gradient as the culture developed. 

Preliminary experiments indicated that essentially the same results might be 
expected with any of several species, including both fresh water and marine 
types, cultivated under optimal conditions in each case. Consequently the 
organisms producing the brightest light with the least trouble were selected: 
Phx>tohacterium phx)8phoreum^^ a non-motile micrococcus growing best at 16®C. 

^ A culture of this species was obtained in 1939 from the Delft collection, through the 
kindness of Professor A. J. Kluyver. 
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and Ackromobacter fischeri (Beijerinck ) Bergey et al. (1939) a motile, mesophilic 
rod, with an optimum temperature of about 25®C. 

The absolute light intensity given out by the cultures is at best far too weak 
to give a measurable voltage on a photronic cell of the Weston type. A photo- 
electric cell with vacuum tube amplifiers and sensitive galvanometer could be 
used, but visual photometry, with the aid of a modified Leeds and Northrup 
MacBeth Illuminometer, was just as sensitive and much more convenient in 
practice (fig. 1, A). At any constant current a range in intensities of 26 times 
could be matched and read directly from the scale. By calibrating the intensity 
of the illuminometer light at different amperages the range could be extended 
to cover from 1 to 25,000, and with the aid of neutral filters, intensities many 
times higher could be matched with the same instrument. The brightness of 
the cultures actually photographed, however, varied from approximately 0.002 to 
0.04 millilamberts, corresponding to illuminations of 0.0018 to 0.036 foot-candles 
on a perfectly reflecting surface. 

To match the quality of luminescence, two Wratten gelatin filters were placed 
in front of the opal glass in the illuminometer tube. The change in quality of 
the light emitted from the filament at different amperages, resulting from the 
change in spectral distribution of radiation at different temperatures, was made 
unnoticeable to the observer by these filters. 

The photographs were made on Kodachrome ‘‘A^’ 35-mm. film in a Contax 
camera with f 2 lens (fig. 1, B). 


RESULTS 

The pictures in Plate P show some typical results, and furnish a very good 
impression, by and large, of the true appearance of the luminescent cultures 
when seen by their own light,* Table 1 summarizes the data relating to these 
pictures. Certain points of interest, set forth below, call for special mention. 

With substances which exert no effect, such as a small amount of NaCl, the 
luminescence is of practically uniform brightness over the surface of the medium 
(plate I, fig. 11). This result with NaCl is important in showing the absence 
of an effect of this anion. With active substances, the dark, circular area at the 
center of the culture represents the region in which growth was inhibited, and the 
brighter ring at its periphery represents a zone of stimulation. The interpretation 
of the latter will be considered later. With regard to the former, it is evident, 
from plate I and table 2, that many substances of diverse nature will prevent 
growth. The actual extent of the area of inhibition is obviously dependent upon 
a complex interaction of several variables, including the potency of the substance, 
its solubility, its rate of diffusion through the medium, and the rate of growth 
of the organisms. For example, the area of inhibition is greater when the same 
substance, e.g., copper, is added in the form of a soluble salt than when the metal 
itself is used (plate I, figs. 4 and 5). With the salt, it is greater when the inoculum 

* The publication of this color plate was made possible through funds contributed for 
this purpose by an alumnus of Princeton University. 

* The narrow, dull black circles immediately surrounding each figure are an artifact, 
introduced in the process of engraving. 
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is dilute, thus allowing inhibitory concentrations to diffuse further before the 
culture has developed (plate I, figs. 6, 6, and 7, of cultures inoculated with a 
suspension diluted in a ratio of 1, 1 : 3, and 1 : 6 respectively). Certain substances, 
with unusually great solubilities and relatively low potencies, or highly volatile 
substances such as ether, cannot be studied satisfactorily by this auxanographic 
method. The general results obtained with a variety of metals, metal chlorides, 
narcotics, et cetera^ when added in the manner described at the time of inoculation 

TABLE 1 

Data concerning the photographs in plate I 

Cultures of A. fischeri were incubated at 25®C., those of P, phoaphoreum at 15®C. All 
pictures were taken at room temperature 23° to 25°C. 







PHOTO- 

FIGUXB 

SUBSTANCE ADDED TO CENTEE 
OT PLATE 

SPECIES OP BACTESIA 

AGE OF 
CULTUKES 

BKZGHTNESS 

GEAPmC 

EXPOSUBE- 






TIME 




hours 

micfo^ 

lamberts 

minutes 

1 

CuCb 

P. phosphoreum 

30 

16.8 

120 

2 

CuClj 

P. phosphoreum 

48 

10.5 

60 

3 

CuClj 

P. phosphoreum (same 

96 

8.6 

60 



plate as in fig. 2) 




4 

Cu 

A. fischeri 

20 

4.3 

105 

5 

CuCb 

A. fischeri (Inoculum un- 

14 

16.8 

90 



diluted) 




6 

CuCb 

A. fischeri (Inoculum di- 

24 

2.6 

150 



luted 1:3) 




7 

CuCb 

A. fischeri (inoculum di- 

24 

1.7 

150 



luted 1:5) 




8 

CuCb 

P. phosphoreum 

48 

14 

60 

9 

p-Aminobei.-^oic acid 

P. phosphoreum 

24 

16 

120 

10 

NiClj 

P. phosphoreum 

48 

13.4 

60 

11 

NaCl 

A. fischeri 

24 

34 

25 

12 

N a-phenobarbi tal 

P. phosphoreum 

48 

7.0 

80 

13 

Glucose 

P. phosphoreum 

48 

3.8 

120 

14 

Glucose 

A. fischeri 

24 

8.6 

90 

16 

NiCb 

P. phosphoreum 

24 

39.8 

120 

16 

p-Aminobenzoic acid 

P. phosphoreum 

96 

9.6 

60 

17 

AgCl 

P. phosphoreum 

48 

16.8 

60 

18 

As 

A. fischeri 

24 

5.8 

100 

19 

PbCb 

A. fischeri 

24 

6.6 

100 

20 

MnCh 

A. fischeri 

14 

7.6 

90 


or later, are summarized in tables 2 and 3. It should be noted that in most cases 
inhibitory effects in regions of high concentration are accompanied by some evi- 
dence of stimulation at low concentrations. 

The zones of excess brightness might represent a stimulation of growth, or of 
luminescence, or of both. In some cases there was a visibly greater density of 
cells in such zones, but this difference was not always apparent. Oxidizable 
substrates are knowm to increase the intensity of luminescence much in the 
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manner that respiration may be increased without involving any considerable 
increase in numbers of cells (Johnson, 1936, 1938, 1939; van Schouwenburg, 1938; 
Johnson, van Schouwenburg and van der Burg, 1939). As mentioned above, 
certain narcotics in low concentration do likewise (Taylor, 1934, 1936; van 
Schouwenburg, 1938) . Thus, while the intensity of luminescence under different 

TABLE 2 


Summary of luminous bacterial auxanograms of pure metalSf metal chlorideSf and narcotics 



SUBSTAKCX 

ZONE OF INHIBITION 
OB DECREASED 
BRIGHTNESS 

ZONE OF INCREASED 
BRIGHTNESS 

Metals 

Aluminum 




' 

Arsenic 

+ + 

+ 


Bismuth 

± 

d= 


Cadmium 

H-+ 

db 


Cobalt 

++ 

+ + 


Copper 

++++ 

++++ 


Gold 

— 

— 


Lead 

4- 

+ 


Manganese 

db 



Magnesium 

=h 

+ 


Nickel 

+ 

— 


Tin 

=fc 

— 


Zinc 

+ 

— 

Metal chlorides 

CoCl, 

++++ 

++++ 


CuCl, 

++++ 

++++ 


PbCl, 

+ 

++ 


MnCL 

++++ 

++++ 


MgCb 

+ 

+ 


NaCl 

— 

— 


NiCl, 

++++ 

+++ 


AgCL 


++ 

Narcotics et cetera 

Benzamide 

++++ 

■I — 1 — 1 — h 


Glucose 

++++ 

++++ 


p-Aminobenzoic acid 

++++ 

++++ 


Novocaine 

+++ 

— 


Sulfapyridine 

+++ 

++ 


Sulfanilamide 

++++ 

4-+++ 


Sulfonmethane 

+ 

+ 


Sodium barbitol 

+ 

+ 


Sodium phenobarbital 

++++ 

++++ 


— » none; + ■■ slight, ++ ** moderate, +++ ■» pronounced, ++++ - very pro- 
nounced. 


conditions is not necessarily proportional to the number of cells, it does furnish 
a sensitive indicator for the net result — ^inhibition or stimulation — ^by the sub- 
stance in question. Using the same procedure as with the inhibitors, the addi- 
tion of glucose results in a zone of increased brightness that represents an additive 
effect on growth and on luminescent metabolism (plate I, figs. 13 and 14). The 
dark area in this case represents the area in which the glucose concentration was 
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high enough to give rise to sufficient acid production to retard growth and ex- 
tinguish the light. Beijerinck (1891) was aware of this phenomenon. The 
addition of phenol red, or bromthymol blue showed that the region of increased 
brightness coincides with the zone of transition between the acid, non-luminous 
area and the approximately neutral, normal area. 

The stimulatory effects of certain metallic cations, such as Cu, Ni, Co, and, 
Mn, are to some extent dependent on growth. The zone of stimulation of Cu 
for example, is much more pronoimced when the inoculum is diluted, thus 
lengthening the normal time and number of ^^generations” proceeding maximum 
growth (plate I, figs. 5, 6 and 7 ; ratio of cells in inocula: 1, 1/3, 1/6, respectively). 
On the other hand, stimulation of luminescence by metallic ions in some cases 

TABLE 3 


Effects of metal chlorides , narcotics ^ etc,, on luminescence of plate cultures of P. phosphoreum 
Substances added at, and following, maximum growth 



CULTUIES APPROXIMATELY AT MAXIMUM 
OROWTE AMD LUMIME8CEMCE: 36 HRS. 15*C. 

CULTURES WELL PAST MAXIMUM GROWTH 
AMD LUMIMESCEMCE: 60 HOURS AT 15*C. 

Time of observation after addmg substance 

Time of observation after adding substance 

15-30 

minutes 

21 hours 

24 hours 

15-30 

minutes 

li hours 

22 hours 

Inhibi- 

tion 

Stimula- 

tion 

Inhibi- 

tion 

Stimula- 

tion 


ig 

l-S 

CO 

P 

Ig 

1^ 

CO 

r 

h 

CO 

Inhibi- 

tion 

• 

|l 

CO 

CoClj 


— 

+ + 

— 

+++ 


+ 

++ 

++ 

+4- 

+4-4- 

nvj 

CuCla 

+ 

dc 

+ + 

d= 


+H- 


± 


-f+ 

+++ 


MnCla 

+ 

+ 

++ 

++ 

+++ 

++ 

+ 



-f4* 

+4-4- 

Hi 

NiCla 


± 

++ 

++ 

+++ 

++ 

+ 

+ 


dr 

+++ 

E99 

Glucose 

— 


— 

+ + + 


+++ 

— 

+++ 

+ 

+++ 

++ 

Hi 

Benzamide 


— 

+ 

± 

■f 

— 

+ 

— 

++ 

— 

4-4-+ 


p-Aminobenzoic acid. . 


± 

-f- 

- 

+ 

+ 

+ 

+ 

+ 

4* 

4- 

+ 

Sulfanilamide 

+ 

=fc 


— 

+ 

— 

+ 

— 

■f 

— 

4- 

— 

Ethyl carbamate 

+ 

— 

+ + 

— 

++ 

— 

+ 

— 

++ 

dr 

4-4- 

— 

Phenyl carbamate 

+ 

db 

++ 

+++ 

++ 

■f 








— ■■ none; + « slight, ++ — moderate, ■■ very pronounced. 


appears to be a direct metabolic effect, since it appears in too short a time to be 
accounted for by increase in cell numbers, when the substance is added to either 
old or young cultures (table 3). It is noteworthy that this occurs with a non- 
motile species, thus excluding migration of the organisms as a possible ex- 
planation. 

The narrow zones of excess brightness observed with metallic ions (plate I, 
figs. 1 to 8, 10, 16, 17 to 20) no doubt indicate a narrow range in the concentra- 
tions causing complete inhibition, a slight stimulation and no effect. With 
certain narcotics, e.g., phenobarbital (plate I, fig. 12) the zone of excess bright- 
ness is much wider, and the contrast between this and the normal area is less 
striking. Both the range of effective concentration and the rate of spread through 
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the agar probably are important factors. Temperature is an additional factor 
whose fundamental significance in inhibitions generally has recently been em- 
phasized (Johnson, Brown and Marsland, 1942). In the present study cultiva- 
tion and observations were carried out in so far as possible at the optimum 
temperatures of the particular organisms. With certain substances the relative 
difference in brightness between the normal and stimulated zones, however, 
could be reversibly altered in the same plate simply by equilibrating it at different 
temperatures. The influence of various factors on the temperature coefficient 
of luminescence intensity is a phenomenon of fundamental importance, and is 
imder further investigation. 


DISCUSSION 

Although the results described above are purely qualitative they furnish an 
interesting survey of the bacteriostatic effects of a very diverse group of sub- 
stances. Since growth is a complex process, the precise mode and site of action 
of the different types of inhibitors might well be different, and the evidence in 
this work does not justify more than general conclusions. However, inasmuch 
as practically every inhibition was accompanied by some evidence of increased 
luminescence in the region of low concentrations of the inhibitor, it is perhaps 
worth while to discuss these apparent stimulations somewhat further. 

It might be argued that all cases of apparent stimulations of luminescence 
represent merely indirect effects resulting from differences in concentration of 
nutrients, or of waste products. At the edge of any zone of no-growth on agar 
there is always a concentration gradient of nutrient substrates and waste products 
respectively. In fact, a sterile cover-glass placed on the agar surface after 
inoculation was found to imitate very successfully the appearance of a zone of 
inhibition, surrounded by a narrow zone of excess luminescence. No growth 
occurred beneath the cover-glass for lack of sufficient oxygen. The excess 
brightness at the edges probably did not result from impurities in the glass, since 
a plastic cover-slip gave the same results. In this case, nutrients or metabolites 
might have been the chief factors in the stimulation, although others might 
also have been concerned, e.g., the gradient in oxygen tension, or the increased 
surface area at the edge of the glass. 

Certain facts would indicate that the stimulations observed were real, i.e., not 
merely the indirect result of influencing the concentration of nutritive substrates 
in the medium itself. For example, many of the metallic cations increase the 
luminescence intensity in too short a time for the nutrient concentration in the 
adjacent region of the agar to assume any significance (table 3). Furthermore, 
as mentioned at the start, low concentrations of narcotics have been observed 
to stimulate bacterial luminescence under conditions not particularly favorable 
to growth (Taylor, 1934, 1936; van Schouwenburg, 1938). They may even 
increase the velocity of the luminescent oxidation completely apart from a living 
cell in crude extracts of the luminous Ostracod, Cypridina (Taylor, 1934). 
There is reason to believe, however, that in the crude extracts several simul- 
taneous reactions may be concerned in the control of light emission (Anderson, 
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1936) and a stimulating effect by narcotics on the luminescent oxidation of 
highly purified luciferin and partially purified luciferase has not been observed 
(Johnson and Chase, 1942). These facts are all consistent with the usually 
accepted interpretation that stimulations of biological processes by low con- 
centrations of poisons are due to inhibitions of some process or reaction limiting 
the velocity of the one stimulated. 

An important experiment has been devised by van Schouwenburg (1938) 
indicating that bacterial luciferase is most probably an auto-oxidizable enzyme, 
practically insensitive to cyanide, and distinct from the cyanide-sensitive oxidase 
responsible for most of the aerobic respiration. This same experiment may be 
looked upon as a model for picturing stimulations that result indirectly from the 
inhibition of a competing reaction. The essential facts are as follows. 

Under ordinary conditions of more or less complete aeration, the activity of 
neither the luciferase nor oxidase is limited by the amount of oxygen. At low 
oxygen tensions, however, the activity of both enzymes is reduced, and they are 
thrown into competition with each other for the amount of oxygen. Under these 
competitive conditions, any specific factor which would eliminate one enzyme 
should result in an increase in oxidizing activity of the other. Van Schouwen- 
burg obtained striking evidence that this was actually the case by adding cyanide 
under conditions of low oxygen tension. The cyanide eliminated the oxidase 
from the competition for oxygen. There was an immediate, several-fold increase 
in luminescence when the CN was added. It would appear entirely reasonable 
to suppose that stimulatory effects resulting from low concentrations of diverse 
poisons might in general work in a similar manner, i.e., by inhibiting a competing 
system. If the competing system were concerned with growth, or pigment 
production, or any other integrative process, the results would be cumulative; 
i.e., a 10 per cent increase in rate of the process would soon result in a 100 per cent 
increase in total product. These considerations might be taken into accoimt 
also in interpreting the bacteriostatic action of sulfonamide and other compounds, 
with particular reference to the antagonism of their action by diverse agents, 
such as p-aminobenzoic acid (Woods, 1940), methionine (Kohn and Harris, 1941) 
and urethane (Johnson, 1942; Mcllwain, 1942). The weight of available 
evidence indicates that, in affecting the growth of bacteria, sulfanilamide and 
p-aminobenzoic acid act at the same site, in some specific, competitive manner. 
The latter compound, or a related one, may be normally involved in metabolic 
reactions essential to growth, or in any case, it allows certain reactions, sus- 
ceptible to inhibition by sulfanilamide, to proceed in its presence. Substances 
other than p-aminobenzoic acid, however, e.g., urethane, which also antagonize 
the sulfanilamide inhibition, might exert their stimulatory effects by a different 
mechanism, perhaps analogous to that involved in the cyanide stimulation of 
luminescence at low oxygen tensions, as described above. The possibility 
remains, of course, that in some cases stimulation may occur through a direct 
effect on a specific enzyme system, as, for example, the well known influence of 
magnesium on phosphatase activity (Erdtman, 1927). In general, a more 
probable and understandable basis for stimulatory and antagonistic effects of 
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non-specific inhibitors, including metal cations, urethane, and in certain cases 
sulfanilamide and p-aminobenzoic acid also, would appear to consist in the slight 
inhibition of a reaction limiting the rate of growth or other process in question. 

The authors wish to express their sincere appreciation for the contribution of 
funds by an alumnus to enable publication of the color plate. The authors are 
indebted to Professor Harvey for apparatus and suggestions. Mr. J. P. Warter 
Jr. also rendered valuable assistance through previous work in which he obtained 
probably the first successful color pictures taken solely by the light of luminescent 
cultures. Some technical information was kindly supplied by the Eastman 
Kodak Company. 

SUMMARY 

The effects of certain metals, metal chlorides, narcotics, and bacteriostatic 
compounds on the luminescence of plate cultures of Achromohacter fischeri and 
Phoiobacierium phosphoreum were studied by an auxanographic method. 

Inhibitory effects on growth were caused by the addition of pure metallic 
copper, cobalt, cadmium and arsenic; to a slight degree by zinc, lead and nickel; 
to a doubtful extent by manganese, magnesium and bismuth; and not at all by 
aluminum or gold. Pronounced inhibitions were apparent with the chlorides 
of copper, cobalt, manganese, nickel and silver; and slight inhibitions by the 
chlorides of lead and magnesium. 

Among organic compounds, pronounced inhibitions were found with benzamide, 
p-aminobenzoic acid, novocaine, sulfapyridine, sulfanilamide, and sodium 
phenobarbital, Sulfonmethane and sodium barbital were less effective. Glu- 
cose inhibited growth and luminescence because of the acid produced from it 
by the organisms. 

In most cases, a zone of inhibition in the region of highest concentration was 
separated from the area of normal growth and luminescence by a zone of excess 
brightness. The interpretation of the two zones, especially the one of apparent 
stimulation, is discussed briefly in relation to certain factors and possible modes 
of action of the inhibitors. Certain substances, including both metal cations 
and narcotics, readily gave rise to zones of inhibition and stimulation, respectively, 
of luminescence when added to mature cultures. 

The absolute brightness of luminescence was measured by a modified MacBeth 
Illuminometer, and found to range from 0.002 to 0.040 millilamberts at room 
temperature for cultures between one half and 4 days incubation at optimum 
temperature. 

Color pictures of the plate cultures, taken by their own light, were obtained 
in order to show not only the qualitative characteristics of the luminescence, 
but its relative brightness in the different zones of the auxanogram. 
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PLATE » 

Plate Cultures of Luminous Bacteria Taken on Kodachrome Film by Their Own 

Light 

The central dark areas are regions in which growth of the culture was inhibited by metal> 
lie ions, sulfanilamide, narcotics, or other substances, added to the agar surface at the 
time of inoculation, and allowed to diffuse peripherally as the culture was incubated. 
The bright rings are zones of stimulation at low concentration. The particular substance 
added and other data pertaining to each figure are listed in table 1. The color gives a 
fairly close approximation to the quality of bacterial luminescence. The difference in 
brightness of normal and stimulated areas of some cultures made it impossible to allow a 
correct exposure time for both. In figure 13 the normal area is approximately correct, 
while the stimulated zone is so over-exposed as to appear white. In figure 14 the exposure 
was correct for the stimulated zone, and the rest of the plate was thereby so under-exposed 
that it hardly shows, or appears very blue. The actual exposure-times required for these 
pictures were many times longer than would be expected if the reciprocity law-held through- 
out such low intensities. In terms of familiar experience, the actual brightness was gener- 
ally greater than that of a luminous clock dial. 




Plate I 
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METHIONINE MADE AN ESSENTIAL GROWTH FACTOR BY 
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The strain of Escherichia coli chosen for our work was No. 6522, American 
Type Culture Collection, because it grows well in mediun SG, composed of in- 
organic salts and glucose (Kohn and Harris, 1941). This characteristic has 
remained stable for several years, and was not lost when a subculture was trans- 
ferred daily for several months in medium SG containing (o) 1 per cent proteose- 
peptone, (6) amino-acid purine mixture (see below), or (c) sulfanilamide gradually 
increased to 200 mg per cent during the course of a year. When, however, culti- 
vation occurred in the presence of both (6) and (c), methionine became an 
essential growth factor, as shown in the following protocol, designed to demon- 
strate this fact. 


EXPERIMENT 

The bacteria were grown in medium SG made up to contain Z-methionine and 
xanthine at 1 X 1010“® M, and glycine and dZ-serine at 4 X 10“® M, with and 
without sulfanilamide. The initial sulfanilamide concentration was 2 X 10“* 
M, which was gradully increased to 2 X 10“^ M during the course of thirty trans- 
fers. The transfers averaged 0.001 ml into 5 ml of medium. Without sulfanil- 
amide the bacteria remained stable throughout, but by the tenth transfer those 
in sulfanilamide no longer grew in medium SG. The latter, tested in the various 
amino acid-purine combinations following the thirtieth transfer, were found to 
grow only in the presence of methionine. Since then the strain has been trans- 
ferred 20 times in medium SG containing 2 X 10“® M cZZ-methionine (but no 
sulfanilamide), and the methionine requirement still remains absolute. 

DISCUSSION 

Methionine in E, coli is a specific antagonist to the sulfonamides (Bliss and 
Long, 1941 ; Harris and Kohn, 1941 ) , and the action of other secondary antagonists 
such as xanthine, serine, and glycine, is dependent upon its presence (Kohn and 
Harris, 1942). For a variety of reasons, we have argued that the sulfonamides 
inhibit anabolic reactions, and that of these, the synthesis of methionine is per- 
haps the first to be affected. The present experiment is consistent with and 
supports this general line of reasoning. 

* We wish to thank the Rockefeller Foundation for a grant in aid of this work. 

• Now on active duty, M.C., U. S. A. 
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NOTES 


When it is recalled that cultivation in sulfanilamide alone (or in methionine 
alone) does not change the methionine requirement, the present finding may 
appear somewhat puzzling. In a general way, the explanation is as follows. 
Resistance to sulfanilamide developed in a methionine-free medium must involve 
inter alia metabolic adjustments to protect methionine synthesis. Such adjust- 
ments need not be made in methionine-containing media. 
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The serological type differentiation of Salmonella organisms based on the 
work by White and Kauffmann gives fast and consistent results. It has become 
most valuable for epidemiological investigations and lately also as a basis for 
therapeutic measures. Its practical application, however, has been hampered 
by the necessity of having large numbers of immune sera, absorbed testing 
fluids, and type cultures at hand for such work. 

Experience with five hundred Salmonella infections shows that seventeen sero- 
logical types of Salmonella are of major importance for human pathology in 
this country. They are enumerated in the following table: 




0- ANTIGEN 

H-antioen 




Phase 1 

Phase 2 

Group A. 
Group B. 

S, paratyphi A 

(I), II 

\ 

a 


S, paratyphi B 

b 

1,2 

1. 2 

S* typhi-tnuriuM 

' (I). IV, (V) 

VI, VII (Vi) 

i 

Group Cl. 

S. Chester (-san diego) 

S, derby 

S, paratyphi C ... 

S. choleraesuis 

e, h 

f. g 
c 

(c) 

(k) 

m, t 

e, n, (x) 

1,5 

1, 5 


S, thompson 

S, oranienburg 

VI, VII 

1,5 

Group C*. 

S. bareilly 

S. montevideo 

8, newport 

y 

g, m, s 
e, h 

1,5 

1, 2 

S. muenchen 

VI, VIII 

d 

1, 2 

Group D. 

Eberthella typhosa 

IX (Vi) 

d 


S, enteritidis 

g, m 

l.V 

l.V 

e, h 

___ 


S, panama 

1 (I), IX 

1, 5 

Group E. 

S, give 

1 III, X, XXVI 

1, 7 

S. anatum 

1,6 



/ 


A satisfactory routine determination of these types can be carried out by 
slide agglutination with a set of six 0-, eleven monophasic H- and a Vi-serum, 
sufficiently specific for the following antigens or antigen-complexes: 

II; IV, V; VI, VII; VI, VIII; IX; III, X, XXVI; 
a; b; i; e, h; f, g; m, t; y; g, m, s; d; 1, v; 1,2; Vi 

Smooth and well motile cultures are tested first with the 0-sera and then with 
the H-sera of the group. If one of the H-phases is absent, single colonies are 
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exanuned. Presence of the Vi-antigen accounts for absence of 0-agglutination, 
as does roughness of the cultures. Monophasic S. choleraesuiB and thompson 
strains may be differentiated on the basis of inositol fermentation (thompson 
ferments inositol). 

About 97 per cent of the SalmoneUa cultures from human infections can thus 
be typed. Most of the other types are agglutinated by some of the sera and 
can be tentatively identified as ScdmoneUa. 
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CENTRAL NEW YORK BRANCH 

Semi-Annual Meeting, Aobicultubal Expebibibnt Station, Geneva, 

New Yobk, Octobeb 31, 1942 

Febmentation op Citbic Actd by Homo- Petruschky) was investigated, however, it 
FEBMENTATivE Lactic Acid Bactebia. was found that the type species is not well 
J. J. R. Campbell and I, C. Gunaalue, characterized and, therefore, that the genus 
Laboratory of Bacteriology, College of is ill -defined. Petruschky originally de- 
Agriculture, Cornell University, Ithaca, scribed his organism as a peritrichous rod 
Certain of the homofermentative lactic from feces that yielded neither acid nor gas 
acid bacteria, which are known to produce from carbohydrate media, but produced 
almost exclusively lactic acid from glucose, alkalinity in milk. This study shows that 
have been found to utilize citric acid as an at least three species are being distributed 
energy source. In a tryptone yeast-extract as Alcaligenes faecalis: 1) a peritrichous 
medium, citrate supports growth and is rod requiring organic nitrogen, 2) a lopho- 
fermented with the production of gas. In trichous rod requiring organic nitrogen, and 
contrast to the leuconostocs, these organ- 3) a peritrichous rod using nitrate or 
isms do not require the presence of carbo- ammonium salts as sole sources of nitrogen, 
hydrates to attack citrate in growing It seems probable that No. 1 is the organism 
cultures. originally described by Petruschky. This 

Among the organisms capable of attacking organism is very similar to Bacterium 
citrate under these conditions are strains of bronchisepticum. No. 2 is excluded because 
Streptococcus fecalie, Streptococcus Uque- it has lophotrichous flagella. No. 3 agrees 
faciens, Streptococcus zymogenes, Lacto- with Petruschky ^s description and has been 
bacillus delbrueckii, Lactobacillus lactisy and distributed by type-culture collections, but 
Lactobacillus casei. as its fecal origin is doubtful , and it grows on 

Fermentation balances on a number of synthetic media, it probably belongs to a 
enterococci indicate that under alkaline different genus. It is concluded that 
conditions the products, per mole of citric strains recovered from soil that do not 
acid, approach 2 moles of acetic acid, 1 mole produce acid or gas from carbohydrate 
of carbon dioxide, and 1 mole of formic acid, media are related to No. 3, not to No. 1. 
Traces of lactic acid are usually present. 

At more acid reactions neutral volatile The Dbmonstbation of Acid-Fast Obgan- 
products, mainly acetyl — ^methyl — carbinol, isms by Fluobescence Micboscopy. 

are formed with a corresponding decrease in Oscar W.' Richards, Spencer Lens Com- 

the yield of volatile acids. pany* Buffalo. 

Carbol-auramin and carbol-thioflavine 
Nitbatb in Plants and Its Significance are selectively retained by acid-fast organ- 
IN Febmentation. J, K, Wilson, College isms in slide preparations decolorized by 
of Agriculture, Cornell University, Ithaca, acid alcohol. The organisms fluoresce on 

exposure to ultraviolet radiation, appearing 
Difficulties in Defining the Genus yellow. The strong contrast between the 
Alcaligeneb. jet. J. Conn, N. Y. State organisms and the dark background makes 
Agricultural Experiment Station, Geneva, possible the recognition of acid-fast organ- 
The present study was undertaken to isms at lower magnifications than other 
learn whether certain soil organisms belong staining methods, and therefore larger 
in the genus Alcaligenes* When the type visual fields can be utilized. Mycobacterium 
species Alcaligenes faecalis Castellani and tuberculosis is readily seen in smear and 
Chambers {Bacillus faecalis alcaligenes tissue section preparations and the fluo- 
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rescence technic is more sensitiye than the 
Ziehl-Neelsen method. Aotinomvces $eabie8 
has been shown between the cells of the 
diseased potato tubers. Mpcobaeiertum 
leprae^ Mycobacterium paratuberculoeia (Ba* 
cillus of Johne’s disease), and a number of 
non-pathogenic, acid-fast bacteria are also 
readily demonstrated. Tissue sections 
should be mounted in glycerole, for balsam, 
clarite, and damar are fluorescent and cause 
rapid fading of the dye. Semi -permanent 
preparations are made by ringing the cover 
glass with gold size or asphaltum. Faded 
preparations can be restained to their 
original brilliance. The bacteria and fun- 
gous filaments are easily found in the tissue 
sections and the autofluorescence of the 
tissue proteins is often sufficient for histo- 
logical localization. 

Fluobebcexce Micboscopy in Bacteri- 
ology. E- Loewenaiein and O, Croesman^ 
Bausch and Lomb Optical Company, 
Rochester. 

On the Occurrence of Type VI Pneumo- 
coccal Antibodies in Anti-Hemophilub 
Influenzae Horse Serum . Erwin Neter, 
University of Buffalo and Children’s 
Hospital, Buffalo. 

When it was found that spinal fluid from a 
patient with Type VI pneumococcal menin- 
gitis contained an antigen which reacted 
with anti-HemopAilus influenzae horse 
serum, this investigation was undertaken 
to learn whether pneumococcal antibodies 
were present in other samples of such sera. 
Accordingly, samples representing ten 
different anii-Hemophilue influenzae horse 
sera were obtained from Dr. Leah R. 
Seidman, Boston, and tested for the pres- 
ence of precipitins and agglutinins employ- 
ing the strain of pneumococcus isolated 
from the above patient. Seven of the sera 
reacted stron^y, two gave weak or irregular 
results, and one was negative. Zone 
phenomena were not encountered. Con- 
trols employing normal and antipneumo- 
coccal horse sera were negative. Moreover, 
ten other strains of Type VI pneumococcus, 
obtained through the courtesy of Dr. A. W. 
Walter, New York, and Dr. Harold W. 
Lyall, Albany, likewise reacted with anti- 
Hemophilus influenzae horse sera. On the 


other hand, no agglutination occurred when 
three strains of Type B Hemophilus in- 
fluenzae were tested with Type VI anti- 
pneumococcal serum and when Type VI 
pneumococci were tested with anti-Type B 
Hemophilus influenzae rabbit sera. It re- 
mains to be determined whether the anti- 
bodies against Type VI pneumococcus in 
the anti-Hemophilus influenzae horse sera 
originate from antigenic components of 
Hemophilus influenzae^ from the medium 
used for cultivation, or from other sources. 

Porcine Brucellosis in New York State. 
W, S, Stone, Veterinary College, Cornell 
University, Ithaca. 

Unexpected Action of Some Disin- 
fectants. Otto Rahn, College of Agri- 
culture, Cornell University, Ithaca. 

Proposed Changes in the Outline Clas- 
sification FOB THE Next Edition of the 
Bergey Manual. Robert S. Breed, N . Y. 
State Agricultural Experiment Station, 
Geneva. 

Bacterial Death Rates and Decimal 
Reduction Time. Leonard /. Katzin 
and L, A, Sandholzer, U. S. Public Health 
Service, National Institute of Health. 

A New Coccidium, Eimeria brunetti, 
N.sp., Pathogenic for Chickens. P. P. 
Levine, New York State Veterinary 
College, Cornell University, Ithaca. 
Eimeria brunetti, a new species of coc- 
cidium pathogenic for the chicken, is here- 
with described. Sporulated oocysts range 
in size from 18.1-24.2 m in width x 20.7-30.3 m» 
the average being 21.7 x 26.8 m- Oocysts 
appear in the feces at the end of the fifth 
day after the infective feeding. Odcysts 
and developmental forms are present in the 
lower half of the small intestine and in the 
rectum, cloaca and caeca. In severe infec- 
tions, the upper half of the small intestine 
may also be involved. The odcysts are 
discharged periodically, the greatest elimi- 
nation being between 9 a.m. and 3 p.m. 
No gross lesions are found in light in- 
fections. Moderately heavy infections pro- 
duce a catarrhal enteritis with blood- 
tinged mucous exudate. Quite often there 
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appear on the mucosa short, red, horizontal 
streaks that extend as ladder>like rows 
along the length of the affected parts. 
Goagidation necrosis and sloughing of the 
mucosa occur in severe infections. Fre- 
quently the necrotic mucosa takes the form 
of a dry, diphtheritic membrane lining the 
intestinal tract. These lesions may be 
confluent or focal. The dilated portion of 
the caeca is usually without lesions aside 
from erythema of the mucosal ridges. On 
the other hand, the constricted, proximal, 
tubular entrances to the caecal pouches 
become markedly dilated and plugged by 
short caseous cores. Cross-immunity tests 


indicate that Eimeria hrunetti is different 
from previously described species with 
which it might be confused. Sulfaguani- 
dine, when fed to chickens in the proportion 
of 0.6 per cent of the ration, prevented 
infection. A natural outbreak in a com- 
mercial flock of coccidiosis, proven to have 
been caused in part by Eimeria hrunetti, 
has been studied. 

The Use op the Electron Microscope in 
THE Study of the Structure op the 
Bacterial Cell. Georges Knaysi, Col- 
lege of Agriculture, Cornell University, 
Ithaca. 
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